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A  completely  "open"  society  would  be,  as  I  understand  the  term,  a  society 
whose  modes  of  behaviour  were  entirely  determined  by  a  rational  choice  be- 
tween alternatives  and  whose  adaptations  were  all  of  them  conscious  and  de- 
liberate (in  contrast  to  the  completely  "closed"  society  in  which  all  adaptation 
would  be  unconscious  and  no  one  would  ever  be  aware  of  making  a  choice). 
Such  a  society  has  never  existed  and  will  never  exist;  but  one  can  spea\  use- 
fully of  relatively  closed  and  relatively  open  societies,  and  can  thin\  in  broad 
terms  of  the  history  of  civilisation  as  the  history  of  a  movement  away  from  the 
former  type  and  in  the  general  direction  of  the  latter.  .  .  . 

We  too  have  experienced  a  great  age  of  rationalism,  marked  by  scientific  ad- 
vances beyond  anything  that  earlier  times  had  thought  possible,  and  confront- 
ing mankind  with  the  prospect  of  a  society  more  open  than  any  it  had  ever 
known.  And  in  the  last  forty  years  we  have  experienced  something  else — the 
unmistakable  symptoms  of  a  recoil  from  that  prospect. 

E.  R.  Dodds — The  Greeks  and  the  Irrational 

Contrary  to  a  general  belief,  history  may  advance  by  jumps,  and  not  always 
by  gradual  change.  It  was  the  characteristic  error  of  the  past  century  to  count 
upon  gradual  evolution,  and  to  presume  that  every  whole  achievement  in  his- 
tory was  produced  by  means  of  a  very  gradual  preparation.  It  was  a  surprise 
when  facts  showed,  clearly  and  undeniably ,  that  in  biology  and  in  the  spiritual 
world  ali\e,  spontaneous  realities  could  emerge  suddenly,  and  in  a  sense 
without  preparation. 

Jose  Ortega  y  Gasset — A  Tempered  Spirit  of  Reform 


IF  A  SINGLE  WORD  WERE  SOUGHT  TO  EPITOMIZE  OUR  CON- 
temporary  age,  that  word  might  well  be  change — change,  wind-swift, 
unpredictable,  and  ever-mounting  in  its  scope  as  in  its  pace.  It  is  a  whirl- 
wind which  has  struck  the  democratic  societies  of  the  world  with  a  special 
hurricane  fury.  For  the  democracies  court  change  in  every  vital  element  of 
their  being.  Moreover,  through  those  same  elements  they  also  minimize  the 
chances  of  predicting  it.  In  their  pluralism,  in  the  many-faceted  character  of 
their  structures,  in  the  very  fact  that  they  typically  refuse  to  confine  the  re- 
sponsibility for  meeting  and  adjusting  to  change — much  less  the  task  of  at- 
tempting to  control  it — to  any  single  inner  element,  lies  the  assurance  that 
within  them,  as  much  as  in  the  world  without,  change  will  be  dynamic  and 
kaleidoscopic  and  inherently  unpredictable,  and  furthermore  that  many  major 
new  adjustments  cannot  even  be  imagined  until  the  necessary  occasions  for 
them  have  arrived. 

This  special  susceptibility  of  the  democracies  to  change  is,  in  their  own 
view — as  clearly  in  the  view  of  history — a  vital  mechanism  of  survival.  It  as- 
sures that,  so  long  as  they  endure,  they  will  never  be  excluded  from  the  main 
courses  of  the  world's  great  tides.  But  there  is  an  obverse,  too.  Such  extreme 
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exposure  can  become  a  severe  trial  when  the  winds  reach  the  velocities  and 
volume  that  they  have  attained  in  our  century.  There  is  no  doubting  the  fact 
that,  however  rich  the  freight  that  these  winds  bear,  because  of  them  the  very 
survival  of  free  societies  must  always  be  reckoned  as  a  dynamic,  and  exciting, 
but  undeniably  a  precarious  and  a  perilous  thing. 

It  becomes  especially  perilous,  and  must  challenge  the  energies  and  the 
deepest  thought  of  free  men  everywhere,  when  these  forces,  in  their  might  and 
their  swiftness  and  their  unpredictability,  bring  to  mankind  as  a  whole  the 
massive  insecurity  to  which  our  times  are  witness.  For  there  are  but  two  ways 
of  responding  to  change.  One  is  to  regard  it,  whatever  its  magnitude,  as  in 
itself  a  constant  and  a  desirable  feature  of  die  world,  and  to  venture  forth  to 
greet  it  as  did  the  Italians  of  the  Renaissance  or  the  seamen  of  Elizabethan 
England,  as  indeed  free  men  of  all  the  periods  of  history  have  done  when 
change  was  particularly  dynamic,  valuing  the  processes  of  their  societies  far 
above  those  final  products  that  the  processes  may  bring — products  which,  in 
a  certain  sense,  indeed,  may  threaten  to  entomb  them.  This  must  be  the  ideal 
of  all  free  societies  today,  as  it  has  always  been. 

But  it  has  never  been  an  easy  ideal.  It  is  more  difficult  than  ever  in  our  day. 
And  there  is  always  the  tempting  alternative — to  try  to  control  change,  to 
channel  it,  to  plan  it  and  predict  it,  perhaps  in  the  illusion  that  by  such  means 
it  can  somehow  be  eliminated.  This  is  obviously  the  course  that  a  frighteningly 
large  proportion  of  the  peoples  of  the  world  have  chosen. 

The  despotisms  of  history  have  traditionally  justified  their  claims  to  absolute 
dominion  over  their  subjects  in  great  measure  by  fashioning  and  maintain- 
ing an  inner  appearance  of  security  based  importantly  on  the  elimination  of 
change — upon  the  halting  of  events  in  their  course — within  the  enclaves  that 
they  controlled.  The  modern  totalitarian  state  does  something  far  more  subtle 
and  more  powerful.  It  does  not  attempt  to  halt  change.  The  new  autocracy  can 
never  be  accused  of  being  deliberately  static.  Instead,  by  the  establishment  of 
unitary,  all-powerful  centers  of  control  responsible  for  determining  the  nature 
of  change  and  the  character  of  the  adjustment  of  its  institutions  to  innovations 
that  are  actually  imposed,  it  seeks  to  create  a  different  illusion  of  security.  In 
considerable  measure,  change  can  thus  be  made  predictable  within  the  enclave, 
at  least  by  its  controlling  center,  and  it  can  also  be  fashioned  to  a  formidable 
instrument  of  power.  It  is  not  only  that  the  modern  totalitarian  state  possesses 
a  physical  command  over  its  citizens,  thanks  to  modern  technology,  beside 
which  the  most  ruthless  control  of  ancient  despotisms  must  pale.  The  com- 
mand is  far  more  subtle.  Both  the  power  of  initiating  such  change  and  the 
responsibility  for  the  ways  in  which  it  can  be  met  become  subject  to  effective 
manipulation.  Through  such  means,  an  artifice  of  security  may  be  created 
without  the  appearance,  or  indeed  the  fact,  of  standing  still  in  a  dynamic 
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world.  Beside  this  kind  of  totalitarian  control  over  the  hearts  and  minds  of 
men,  the  most  powerful  technical  weapons  of  the  present,  the  most  powerful 
devices  of  the  past,  fade  to  insignificance.  In  no  small  measure,  this  may  be  the 
quality  that  makes  persuasive  the  idea  of  the  modern  totalitarian  state  and 
implements  its  design. 

The  only  thing  that  cannot  be  done — and  the  vital  thing  to  which  the  free 
states  of  the  world  look  for  their  very  survival — is  to  cultivate  spontaneous, 
unanticipated,  many-faceted  change,  ranging  in  its  richness  and  its  implications 
far  beyond  the  limits  that  any  human  mind  can  visualize.  In  such  a  context, 
the  significance  of  the  vast  rise  in  the  populations  of  the  world  who  live  under 
modern  totalitarianism  takes  on  a  new  and  ominous  dimension. 

In  the  last  century,  free  states  were  pressed  hard  enough  to  meet  the  cur- 
rents of  spontaneous  change.  History  is  replete  with  the  hazards  of  their 
course,  and  the  casualties  attending  it.  Yet  the  courage  required  to  take  such 
a  course,  a  hundred  years  ago  was  nothing  compared  with  that  demanded  by 
the  present.  The  older  democratic  states  made  their  basic  choices  in  a  century 
when  the  pace  of  change  was  far  slower,  and  when  the  order  of  change  itself 
was  less  frighteningly  massive.  Today,  amid  all  their  peripheral  insecurities 
and  their  more  central  trials  as  well,  they  yet  have  the  long  experience,  the 
security  of  well  established  attitudes,  with  which  to  meet  the  Age  of  Change 
dynamically.  But  what  about  the  new  nations,  emerging  in  the  last  decades 
to  make  crucial  choices  for  which  they  may  be  insufficiently  prepared  either 
in  the  confidence  of  experience  or  in  the  certainty  of  knowledge — choices 
whose  fateful  character  may  not  even  be  evident,  much  less  well  considered, 
at  the  time  that  they  are  taken?  Most  of  these  nations  clearly  prefer  the 
dynamic,  the  adventurous  road  with  its  flexibility,  with  all  its  potential  creative- 
ness.  But,  facing  the  hazards  at  the  hardest  periods  of  their  evolution,  pushed 
this  way  and  that  between  the  tremendous  competing  forces,  intellectual,  ma- 
terial, and  above  all  of  shape  of  belief  and  cast  of  faith  posed  in  a  bipolar  world, 
what  will  be  their  ultimate  view?  Will  they,  finally,  choose  spontaneous 
change  ?  Or  will  they  speak  for  the  control  and  channeling  of  change,  with  its 
fancied  security  ?  This  query,  perhaps,  addresses  a  central  problem  of  our  time. 

Such  searing  questions  demand  many  things  of  us,  not  least  the  unremitting 
effort  to  understand  the  character  of  these  world  currents  at  their  deepest  and 
most  subtle  levels.  Then  there  must  be  the  personal  identification  with  change 
itself,  and  the  eagerness  to  embrace  it.  And  there  must  be  the  inner  conviction 
of  an  essential  invariance  and,  therefore,  of  a  deep-lying  security  and  stability 
in  the  very  processes  of  change — the  basic  sense  that  spontaneous  change  is 
the  proper  theme  of  human  existence.  It  must  be  the  affirmed  belief  of  free 
societies  everywhere  that  lasting  stability,  lasting  security,  is  to  be  found  only 
within  change  itself. 
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SCIENCE  and  technology,  coupled  in  their  intimate  link  with  industrial 
processes  in  the  advanced  nations  of  the  world,  constitute  a  principal 
fountainhead  of  the  torrent  of  change  in  which  we  live.  This  cardinal  fact  is 
clear  to  all  peoples  everywhere  today.  A  less  familiar  idea  even  to  the  scien- 
tifically sophisticated  societies  of  the  world — let  alone  to  those  whose  experience 
with  science  is  new  or  remote  and  relatively  slender — is  that  in  science  itself, 
in  the  dynamism  of  science,  taken  primarily  as  the  search  for  understanding 
of  the  natural  world  rather  than  in  the  context  of  its  practical  operations,  may 
lie  some  of  the  greatest  invariants.  It  is  not  only  that  within  the  very  structure 
of  science,  in  the  context  of  its  beliefs  and  its  dedication  and  the  special  char- 
acter of  its  mission,  there  may  lie  a  model  for  our  wider  concerns.  At  a  yet 
deeper  level,  the  fabric  of  its  belief  is  capable  of  binding  in  common  fraternity, 
and  providing  common  ground  for,  all  those  who  glory  in  the  great  uncer- 
tainties of  our  world  and  seek  to  understand  them  rather  than  to  channel  or 
to  escape  them.  In  such  a  context  one  may  well  ask  again  that  haunting,  pene- 
trating, ever-relevant  question,  which  yet  perhaps  can  never  be  certainly  an- 
swered. How  far,  indeed,  is  the  scientific  ethic  in  its  profoundest  aspects,  with 
all  the  special  verve  that  accompanies  it,  identifiable  with  the  liberal  tradition 
obtaining  in  those  western  nations  when  and  where  it  first  arose?  How  de- 
pendent is  it  on  that  environment  for  its  continuing  growth?  Could  it  truly 
flourish  in  the  same  form,  entirely  apart  from  that  tradition  ?  And,  conversely, 
how  far  does  its  own  ethic  reflect  and  actually  enhance  that  same  tradition  ? 

There  are  many  fundamental  features  of  the  scientific  way  which  have  re- 
mained commanding  and  unchanged  since  the  great  discoveries  of  method 
that  wrought  its  origin.  We  know  that  science  is  still  today,  as  it  has  been  since 
the  beginning,  in  its  essence  the  wedding  of  rationality  with  empirical  observa- 
tion. For  neither  profound  philosophy  nor  careful  observation  and  experiment 
were  new  to  the  men  of  the  prescientific  age  or  of  antiquity — surely  not  to  the 
Greeks,  perhaps  not  even  to  the  Babylonians.  This  tremendous  innovation  of 
science,  made  at  its  very  inception,  remains  today  a  cardinal  feature  of  the 
scientific  method — the  weaving  of  these  two  threads  into  a  single  fabric,  fact 
and  thought,  as  Bronowski  has  observed,  giving  strength  to  one  another. 

We  are  very  conscious,  too,  of  the  enduring  parameters  of  approach  and 
discipline  of  the  scientific  way — the  great  unities  of  preparation  that  bind  those 
dedicated  to  it:  the  requirement  of  verifiability;  the  astringency  of  parsimony; 
the  emphasis  on  individual  effort  with  its  exacting  demands  of  preparation  and 
commitment,  of  originality  and  imagination,  of  style.  Again,  major  advances 
in  science  in  our  time  continue  to  be  made,  as  they  have  always  been,  by  pro- 
foundly unconforming  men.  Such  advances  are  the  province  of  the  great 
synthesizers,  of  those  investigators  who,  by  their  surpassing  ability  to  keep 
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simultaneously  in  focus  many  differing  facets  of  inquiry,  by  their  unusual 
power  to  sense  the  regions  of  convergence  of  many  lines  of  evidence,  can  formu- 
late concepts  unattainable  by  their  fellows.  Such  minds,  and  such  minds  alone, 
are  able  in  each  fresh  generation  to  forge  the  significant  new  generalizations 
from  that  ever-growing  maze  of  observations,  that  bewildering  myriad  of  de- 
ductions, which  before  their  work  seemed  quite  beyond  reconciliation.  Over 
and  over  again  in  the  history  of  science,  and  no  less  today,  one  sees  how  its 
greatest  discoverers  often  worked  in  times  when  nearly  all  the  raw  materials 
for  synthesis  lay  ready  to  hand — ready,  but  never  quite  collected;  ready,  but 
with  the  common  denominators  never  quite  discerned.  And  it  is  not  only 
synthesis  that  was  and  is  required.  It  is  also,  by  the  very  cast  of  the  scientific 
view,  the  demonstration  of  mechanism.  It  is  often  forgotten,  for  instance,  how 
very  closely  the  age  of  Darwin  had  already  approached  the  theory  of  evolution 
before  the  Origin  of  Species  appeared.  It  had  almost  been  stated  by  Darwin's 
grandfather,  and  it  had  in  effect  been  fully  outlined  by  a  relatively  obscure 
writer,  Edward  Blyth,  in  a  publication  that  antedated  the  Origin.  Yet  Blyth 
actually  used  his  findings  and  his  reasoning  to  uphold  the  doctrine  of  the 
permanence  of  species.  What  Darwin  finally  brought  was  an  appreciation 
of  the  basic  way  that  evolution  works,  and  of  its  detailed  mechanisms.  This  it 
was,  coupled  with  the  painstaking  thoroughness  of  empirical  observation,  that 
gave  force  and  greatness,  uniqueness  and  immortality,  to  the  demonstration. 

These  are  the  unities  of  structure  and  of  method.  Behind  them  lie  the  yet 
greater  unities  of  belief  and  common  dedication,  the  unities  of  purpose,  the 
unities  of  common  viewpoint  of  the  nature  and  the  "style"  of  the  world  in 
the  deepest  sense,  of  how  to  deal  with  it,  of  man's  relation  to  it  and  his  place 
within  it.  They  have  bonded  men  everywhere  who  have  been  committed  to 
the  scientific  road,  welding  them  in  a  powerful  fraternity  through  the  genera- 
tions of  the  last  three  hundred  years.  Few  human  institutions  can  show  stabili- 
ties so  great,  or  unities  so  profound,  amid  all  the  turbulent  change  that  it  has 
been  the  business  of  science  both  to  court  and  to  create. 


THE  peculiar  duality  of  science  as  philosophy  joined  to  experimental  in- 
quiry, as  at  once  a  way  of  life  and  a  means  of  getting  things  done,  is  one 
of  its  most  important  qualities.  It  is  also  a  subtle  quality,  frequently  not  under- 
stood to  the  degree  that  its  significance  warrants  by  those  whose  primary  ex- 
perience lies  elsewhere.  From  it  stem  a  number  of  important  characteristics 
both  of  science  and  of  technology,  some  of  which  seem  superficially  contradic- 
tory. Thus  the  marks  of  faith  and  dedication  are  deeply  graven  on  the  inner 
structure  of  science.  At  the  same  time,  science  in  its  alliance  with  technology 
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has  since  its  beginning  served  as  a  powerful  and  an  extremely  practical  aid  in 
the  production  of  material  goods  and  in  the  control  and  manipulation  of  nature 
for  the  benefit  of  man.  Science  and  technology  together,  in  their  more  recent 
partnership  with  industry,  have  been  the  creators  of  wealth,  the  molders  of 
power,  so  mighty  that  within  two  centuries  they  have  transformed  the  world 
positions  of  the  societies  that  have  benefited  from  them.  And  since  the  material 
attributes  of  a  society,  its  wealth  and  its  power,  are  necessarily  more  immedi- 
ately evident  than  its  values,  these  are  aspects  of  science  that  have  drawn  the 
widest  attention,  until  at  last  even  the  duality  at  the  center  of  its  structure  has 
been  so  lost  to  view  that  we  seldom  ponder  it — seldom,  perhaps,  remember 
that  it  is  there  at  all.  Clearly  there  is  a  real  danger  that  we,  who  have  lived 
closely  within  the  scientific  way  since  its  beginning,  may  come  too  much  to 
take  it  for  granted. 


Taking  it  for  granted  will  not,  in  future,  be  enough.  What,  indeed,  has 
been  the  real  nature  of  the  scientific  and  technical  revolution  that  we  inherit  ? 
What  is  its  essence?  What  are  its  likely  courses  for  the  future?  In  some  re- 
spects, these  seem  strange  questions  to  ask  of  our  time  and  in  our  society.  It 
is  almost  four  hundred  and  twenty  years  since  Copernicus  published  his  De 
Revolutionibus  Orbium  Coelestium.  It  is  almost  two  hundred  and  seventy-five 
years  since  Newton's  Principia  appeared,  at  the  close  of  a  decade  of  scientific 
synthesis  which  for  sheer  creative  genius  may  have  been  equaled,  but  can  hardly 
have  been  surpassed,  in  all  the  years  of  scientific  evolution.  In  those  centuries 
science  has  become  the  dominant  ethic  of  our  society  quite  as  much  as  art 
was  of  the  Renaissance.  And  yet  the  challenge  to  the  depth,  the  penetration, 
the  flexibility,  the  constancy  of  our  own  vision  of  the  scientific  way  remains; 
and  it  is  serious.  For  nothing  is  more  sure  in  any  society  than  that  it  is  in  those 
aspects  of  its  being  where  greatness  is  truly  understood  and  is  recognized, 
stimulated,  rewarded  in  belief  and  above  all  in  comprehension  that  such  a 
society  will  in  fact  be  great. 

The  challenge  is  not  only  large.  It  is  immediate.  The  years  just  past  have 
brought,  and  those  just  ahead  will  surely  bring  in  yet  greater  measure,  im- 
portant new  factors  to  add  fresh  dimensions  to  these  questions.  High  among 
such  factors  stands  the  overwhelming  evidence  that  our  age  is  not  only  the 
privileged  beneficiary  of  a  revolution  in  technology  so  mighty  as  to  be  un- 
precedented in  history.  We  are  also  the  witnesses  of  a  revolution  in  scientific 
philosophy  at  least  as  profound  as  that  which  marked  the  ages  of  Copernicus 
and  of  Newton,  and  which  promises  to  have  effects  quite  as  far  ranging. 

On  the  technological  front,  of  course,  the  evidence  of  revolution  is  every- 
where. Who  has  not  looked  in  wonder  at  a  world  of  technology  in  which  such 
gargantuan  physical  improbabilities  as  the  modification  of  weather  or  the 
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large-scale  use  of  nuclear  power  can  be  reckoned  sober  possibilities?  Who  is 
not  profoundly  excited  at  the  vastly  expanded  appreciation  of  the  universe  that 
the  recent  instruments  and  methods  of  both  optical  and  radio  astronomy  have 
brought;  in  reflecting,  for  instance,  that  what  but  a  generation  ago  we  believed 
to  be  the  limits  of  the  celestial  universe  today  mark  only  the  boundaries  of 
one  among  millions  of  galaxies,  millions  of  stellar  universes  lacing  the  heavens  ? 

On  the  scientific  front,  the  expansion  and  change  in  ideas  resulting  from 
the  revolution  of  basic  concepts  through  which  we  have  lived  in  the  last  years 
have  also  reached  full  tide.  The  notions  of  relativity  and  uncertainty,  of  chance 
and  most  especially  of  contingent  probability  and  adaptive  processes,  have  long 
ceased  to  be  restricted,  specialized  theories.  They  bid  fair  to  replace  as  central 
concepts  of  science  the  Newtonian  ideas  of  cause  and  effect  that  dominated  the 
three  centuries  after  his  time.  The  intimation  that  in  future  scientific  thinking, 
although  the  place  of  refined  inductive  analysis  is  in  no  way  challenged,  it 
may  not  in  fact  be  formally  separable  from  deductive  thinking — that  the  dis- 
tinction between  them  made  in  older  analysis  may  indeed  have  limned  a  false 
dichotomy — strikes  at  a  central  root  of  older  scientific  philosophy.  Such  pro- 
found alterations  of  viewpoint  must  surely  have  effects  comparable  in  their 
total  impact  with  the  most  heady  shifts  of  view  that  have  confronted  any 
revolutionary  intellectual  period  of  history. 

If  further  evidence  of  the  force  of  the  contemporary  scientific  revolution  were 
needed,  none  more  convincing  could  be  provided  than  its  impact  on  the  study 
of  living  systems,  making  the  realm  of  biology  one  of  the  most  exciting  current 
frontiers  of  scientific  advance.  Who  would  have  imagined  even  twenty  years 
ago  that  it  would  be  taken  for  granted  that  living  systems,  in  their  youth,  their 
maturity,  their  decay,  in  the  rates  of  their  metabolism,  present  us  with  a  unique 
temporal  representation  of  the  world?  Who  would  have  suspected  that  it 
would  become  commonplace  to  regard  living  organisms,  and  with  them  our 
own  selves  and  minds,  as  exquisitely  fashioned  predictor  systems  ?  Who  would 
have  imagined  that  our  concepts  of  the  dynamics  of  assemblages  of  living 
things  would  have  reached  the  point  where  the  suggestion  could  seriously  be 
made  that  the  stability  of  genetic  configurations  in  whole  undisturbed  popula- 
tions, often  so  tenaciously  and  precisely  maintained,  may  represent  a  kind  of 
Newtonian  inertia,  in  which  it  is  change  of  state,  not  maintenance  of  state, 
that  requires  the  intervention  of  forces?  Or  that  delicately  balanced  poly- 
morphism in  a  population  is,  perhaps,  a  "sensitizing"  device,  minimizing  the 
forces  required  for  reversible  change,  within  such  limits  as  a  varying  natural 
environment  demands? 

A  second  factor  posing  questions  of  our  age  quite  as  profound  and  urgent  as 
the  revolution  in  content  and  viewpoint  of  science  is  the  revolution  in  its  sheer 
magnitude.  Since  the  time  of  Newton  the  volume  of  scientific  work,  and  with 
it  the  number  of  workers  committed  to  the  scientific  way,  have  been  increasing 
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at  an  exponential  rate,  doubling  every  ten  to  fifteen  years — three  times  in  a 
generation  of  men.  It  has  been  estimated  that  in  our  ^contemporary  world 
there  live  and  work  more  scientific  investigators  than  the  total  in  the  two  and 
a  half  centuries  after  Newton.  Even  without  the  revolution  of  scientific  content 
and  philosophy  through  which  we  live,  the  mere  projection  of  the  scientific 
mode  through  the  next  decades — the  mere  fact  of  its  rate  of  growth  and  the 
commanding  volume  of  its  activity  which  we  witness  today  and  which  will 
be  with  us  yet  more  tomorrow — must  bring  in  its  train  the  gravest  questions. 
Their  answers,  too,  demand  a  searching  re-examination  and  a  profound  under- 
standing of  what,  in  truth,  is  the  deepest  meaning  of  the  scientific  way. 

Some  of  the  problems  consequent  on  the  sheer  bigness  of  science  and  the 
vastness  of  its  range  are  already  visible,  and  cause  a  present  concern  that  can- 
not but  be  intensified  tomorrow.  Such,  for  instance,  is  the  unparalleled  pro- 
liferation of  specialized  scientific  knowledge  in  our  time,  already  threatening 
a  situation  in  which,  in  future,  the  tasks  of  the  great  synthesizers,  at  least  in 
some  branches  of  knowledge,  may  become  too  vast  for  even  the  best  of  minds, 
and  there  may  be  real  danger  that  substantial  scientific  areas  could  be  lost  to 
view.  Coupled  with  the  threat  to  communication  and  understanding  within 
the  bounds  of  science  is  the  greater  external  one,  dividing  those  whose  training 
lies  within  and  without  the  scientific  way — the  apparent  problem  of  Two 
Cultures  within  one  society,  which  already  concerns  us  so  much. 

Such  questions  about  our  own  research  way,  now  and  for  the  future,  are 
vital.  The  rewards  for  meeting  them  successfully  are  great  enough,  and  the 
perils  attendant  upon  failure  to  cope  with  them  are  sufficiently  grave,  to  under- 
line emphatically  the  need  for  understanding  science,  for  recognizing  its 
differences  from  technology,  its  special  functions,  its  special  strengths,  the 
strange  duality  of  its  structure,  and  the  implications  of  its  long-standing  alli- 
ance with  technology  and  with  industry  in  the  west.  But  in  effect  they  repre- 
sent but  half  the  total  challenge  to  us,  and  that  the  more  familiar.  For  the 
challenge  is  not  only  one  of  understanding.  It  is  also  to  our  ability  to  charac- 
terize the  scientific  way  as  we  understand  it,  objectively  and  thoroughly.  Unless 
we  can  meet  both  requirements  successfully,  we  will  be  in  no  position  to  be  of 
real  assistance  to  the  new  nations  of  the  world  as  they  face  their  own  technical 
and  scientific  revolutions. 


IN  1945,  fifty-two  states  set  their  hand  to  the  Charter  of  the  United  Nations. 
Fifteen  years  later  this  number  had  increased  to  nearly  one  hundred.  In 
the  years  immediately  past,  thirty-nine  new  nations  have  launched  momentous 
careers  upon  the  world.  Their  lands  comprise  a  third  of  the  territory  of  the 
globe  and  include  approximately  two-fifths  of  its  population.  The  average 
estimated  income  of  that  population  approximates  sixty  dollars  a  year,  a  tenth, 
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or  less,  the  average  of  Europe,  For  essentially  all  these  new  nations,  as  for 
perhaps  half  of  the  world's  two  billion  nine  hundred  million  people,  the  needs 
are  starkly  practical.  The  control  of  hunger,  the  conquest  of  epidemic  disease, 
the  elementary  development  of  natural  resources  are  not  only  dictated  by  com- 
mon humanity.  They  are  essential  for  an  adequate  realization  of  the  real 
potentialities  of  these  peoples  in  the  world.  Today  their  demands  on  science 
must  of  necessity  be  addressed  almost  wholly  to  its  pragmatic  side.  Today 
they  stand  in  dire  need  of  a  developed  technology.  Tomorrow,  they  will 
surely  wish  to  participate  in  the  continuing  scientific  revolution  of  the  world. 
Many  of  them  will  wish  to  do  this  on  the  basis  of  an  indigenous  science,  how- 
ever limited  and  modest,  devoted  primarily  to  understanding,  with  the  incre- 
ment of  dignity  and  the  sense  of  national  identity  and  national  self-respect  that 
independent  contribution  to  the  world's  store  of  learning  alone  can  bring. 


Modern  archaeological  and  historical  research  has  revealed  the  truly  immense 
age  of  developed  technology,  and  has  emphasized  that,  closely  as  science  and 
technology  are  interwoven  today,  and  much  as  we  often  think  of  technology 
as  the  product  of  scientific  effort,  historically  the  two  modes  were  quite  separate, 
and  profoundly  different  in  their  origins.  Archaeological  findings  of  recent 
years  make  it  very  clear  that  man's  revolution  in  technology  antedated  the 
scientific  revolution  by  several  millennia.  Indeed,  the  technological  revolution 
was  probably  coeval  with  the  development  of  the  great  prehistoric  urban  cen- 
ters of  Asia  and  of  Africa.  In  Mesopotamia,  in  Egypt,  in  Babylon,  in  Crete,  in 
northern  India,  as  Blackett  has  emphasized  so  strongly,  the  evidence  is  unmis- 
takable that  three  thousand  years  ago  men  lived  in  cities  at  least  as  well  planned 
and  serviced  as  many  of  their  counterparts  in  the  same  regions  today,  and  in 
personal  circumstances  on  the  whole  perhaps  more  propitious  and  more  tech- 
nically refined.  It  was  during  these  centuries,  indeed,  and  especially  in  the 
epoch  between  500  B.C.  and  A.D.  1500,  that  ancient  and  medieval  Asiatic 
technical  ingenuity  seems  to  have  reached  its  height.  Paper  was  invented  in 
China  in  the  first  century  A.D.  Less  than  a  century  later  Zhang  Heng  in  China 
invented  a  seismoscope  which  was  able  to  show  the  direction  of  first  motion  of 
an  earthquake.  The  same  instrument  maker  devised  an  anemoscope  for  meas- 
uring the  wind.  The  magnetic  compass  was  invented  by  the  Chinese  in  the 
third  century  A.D.,  printing  with  movable  type  in  the  eighth.  In  the  fifteenth 
century,  during  the  Ming  Dynasty,  districts  and  counties  were  equipped  with 
rain  gauges.  Such  achievements,  including  the  invention  of  explosives  and  of 
an  early  clock  with  an  accurate  escapement  mechanism,  leave  no  doubt  about 
the  extraordinary  accomplishments  in  invention,  technology,  and  engineering 
that  flowered  in  China  at  a  period  when  the  west  was  still  essentially  barbaric. 

During  this  period  in  China,  when  such  inventions  and  many  others  were 
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widely  known,  it  would  seem  that  almost  every  favorable  condition  prevailed 
for  the  continuing  development  of  a  powerful  and  practical  technology,  and 
for  a  scientific  revolution  too.  There  were  skilled  craftsmen  in  abundance; 
there  was  a  wealthy  and  cultured  segment  of  society  with  ample  leisure  for 
contemplation;  there  was  a  skillfully  maintained  peace  and  order;  there  was  a 
generous  accumulation  of  capital;  there  were  extensive  and  accessible  and  po- 
tentially rewarding  markets.  In  all  these  respects,  the  China  of  that  day  far 
surpassed  the  conditions  of  early  medieval  Europe.  Yet  it  was  in  Europe,  ill 
equipped  as  it  appeared  to  be,  that  the  aggressive  exploitation  of  these  ideas, 
brought  by  the  early  explorers  from  the  east,  actually  occurred. 

Why  Asia's  great  potential  technical  revolution  faded  after  this  ancient  and 
brilliant  beginning,  why  an  Asian  scientific  revolution  actually  never  came, 
must  stand  among  the  great  enigmas  of  history.  Such  questions  emphasize 
our  basic  lack  of  understanding  both  of  the  processes  of  such  a  revolution  in 
society  and  of  the  underlying  requirements  for  it.  But  pointed  observations 
can  be  drawn  from  the  historical  events  themselves,  which  are  relevant  to  the 
needs  of  new  nations.  Significant  among  them  are  the  long  separation  in  time 
between  the  technological  and  the  scientific  revolutions  in  the  world,  amount- 
ing to  three  thousand  years  or  more,  and  the  fact  that,  whereas  the  techno- 
logical revolution  takes  its  deepest  roots  from  the  east  and  can  be  expected  to 
be  a  familiar  phenomenon  the  world  over,  the  scientific  revolution,  in  its  origi- 
nal form,  never  touched  the  east  at  all.  Indeed,  even  the  great  military  con- 
quests of  Asia  and  of  the  Americas  by  Europeans,  bringing  the  first  widespread 
contacts,  actually  took  place  well  before  the  coming  of  the  European  scientific 
revolution. 

If  the  great  technological  and  scientific  revolutions  were  thus  so  remote  from 
each  other  in  both  time  and  space  that  the  original  scientific  revolution  failed 
to  enter  the  experience  of  the  east,  it  is  important  also  to  recall  both  the  dis- 
tinctness and,  at  the  same  time,  the  profound  interdependence  and  the  early 
union  of  science  and  technology  in  Europe.  In  Renaissance  Europe,  the  con- 
ditions that  promoted  the  explosive  expansion  of  technology  must  also  have 
favored  the  scientific  revolution.  The  scientific  revolution,  moreover,  deeply 
reflected  current  technological  concerns.  It  can  have  been  no  accident  that  the 
years  of  conquest  and  of  rapidly  expanding  oceanic  trade,  when  the  arts  of 
navigation  were  developing  apace,  were  also  the  years  when  the  first  telescopes 
were  designed  and  the  scientific  study  of  optics  and  hydraulics  preoccupied 
men's  minds  and  so  greatly  influenced  the  course  of  their  natural  philosophy. 
It  was  no  accident,  surely,  that  the  mathematics  of  insurance  and  the  computa- 
tion of  rates  of  interest  underwent  a  great  development  in  the  later  years  of 
the  Renaissance,  when  the  commerce  of  the  city-states  was  expanding  so  rapidly. 
European  religious  tolerance  of  the  later  seventeenth  century,  in  part  no  doubt 
the  reaction  to  a  hundred  and  fifty  years  of  exhausting  religious  wars,  inevit- 
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ably  led  to  like  tolerances  in  secular  views,  and  formed  an  important  part  of  the 
intellectual  climate.  And  in  Britain,  where  the  scientific  revolution  classically 
began,  the  triumph  of  the  technologically  progressive  cities  and  the  merchant 
classes  over  the  conservative  aristocracy  and  the  monarchy  freed  the  nation 
simultaneously  from  its  restraints  on  employing  money  for  profitable  and  specu- 
lative investment  and  from  its  constraints  on  scientific  thought,  and  helped 
pave  the  way,  as  Blackett  has  so  vividly  observed,  for  both  the  first  scientific 
and  the  first  industrial  revolution.  It  was  a  triumph  of  that  embracing  of 
change  which  is  so  central  a  challenge  in  our  day. 

But  though  the  scientific  revolution  was  thus  firmly  rooted  in  the  technical 
one,  and  though  the  early  scientific  societies,  and  especially  the  Royal  Society, 
were  explicitly  dedicated  to  improvements  in  the  practical  arts,  and  though 
science  was  to  learn  a  great  deal  from  technology  in  the  first  two  hundred  years 
of  its  life,  science  and  technology  were  still  distinct  in  a  very  fundamental 
sense.  During  that  period,  science  was  actually  able  to  contribute  rather  little 
of  real  consequence  to  technology.  From  the  very  outset,  the  motives  of  sci- 
entific investigation  appear  on  the  whole  to  have  resided  less  in  its  pragmatic 
implications  than  in  the  sheer  inspiration  of  intellectual  exploration.  And  as 
the  Newtonian  revolution  expanded,  so  also  did  the  concept  of  a  science  pur- 
sued for  its  own  sake,  independent  of  a  practical  technology.  This  basic  ap- 
proach, which  the  early  scientific  societies  did  much  to  foster,  was  clearly  con- 
genial to  the  liberal  climate  of  the  time.  It  was,  indeed,  a  liberal  concept  in 
the  deepest  sense.  Nowhere  has  it  been  more  eloquently  stated  than  by  A.  E. 
Housman  in  the  concluding  words  of  his  remarkable  Introductory  Lecture  at 
University  College,  London,  in  1892:  "So  long  as  the  mind  of  man  is  what  it  is, 
it  will  continue  to  exult  in  advancing  on  the  unknown  throughout  the  infinite 
field  of  the  universe;  and  the  tree  of  knowledge  will  remain  for  ever,  as  it  was 
in  the  beginning,  a  tree  to  be  desired  to  make  one  wise."  That  thought  is  a 
priceless  part  of  our  heritage. 


IT  IS  CLEAR  that  the  scientific  revolution  was,  at  the  beginning,  wholly 
independent  of  industry.  Indeed,  it  substantially  antedated  the  industrial 
revolution.  Though  it  quickly  adjusted  to  that  revolution,  taking  prompt  ad- 
vantage of  its  instruments  and  its  power  and  benefiting  from  its  organization, 
and  though  science  later  brought  vital  aid  to  industry  to  form  a  working 
triumvirate  with  it  and  with  technology,  its  origin  was  quite  separate  save  in 
the  wellsprings  of  technology  which  it  shared. 

Nowhere  is  this  independence  of  the  scientific  from  the  industrial  revolution 
better  illustrated  than  in  the  panorama  of  the  pioneering  scientific  societies  of 
Europe,  and  especially  of  Great  Britain.  If  the  dates  of  founding  of  a  repre- 
sentative sample,  including  some  nine,  of  the  early  scientific  societies  of  Europe 
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be  tabulated,  beginning  with  the  Italian  Accademia  dei  Lincei  in  1609  and 
ending  with  the  Manchester  Philosophical  Society  in  England  in  the  1780's, 
a  curious  pattern  emerges.  The  second  society  in  the  group,  a  gathering  which 
met  privately  in  Paris  and  of  which  Desargues,  Fermat,  Descartes,  and  Pascal 
are  known  to  have  been  members,  seems  to  have  been  established  about  1630. 
In  England  in  about  1645  another  gathering  formed  about  Jonathan  Goddard 
the  lens  maker  and  the  mathematician  John  Wallis,  to  whose  treatise  Arithmet- 
ica  Infinitorum  Newton  himself  had  been  so  greatly  indebted.  It  seems  to 
have  been  one  of  the  forerunners  of  the  Royal  Society,  chartered  by  Charles 
the  Second  in  1662.  Finally,  the  French  Academie  Royale  des  Sciences,  of 
which  Christian  Huyghens  was  the  first  Secretary,  was  established  in  that 
same  year.  Thus  all  the  members  of  this  group  of  five  societies,  three  of  which 
were  to  persist  through  the  centuries  as  major  innovating  scientific  bodies  in 
their  respective  countries,  were  founded  within  an  interval  of  about  half  a 
century. 

The  second  group  of  societies,  somewhat  different  in  character,  show  a  simi- 
lar compact  distribution  in  their  dates  of  origin.  The  British  Royal  Society  of 
Arts  and  Manufactures  was  constituted  in  1754.  The  Lunar  Society  of  Birming- 
ham, picturesquely  named  from  its  club  rule  of  calling  meetings  on  nights 
when  the  moon  was  full  so  that  its  members  might  find  their  several  ways 
home  afterward  over  the  atrocious  roads,  was  established  some  time  before 
1770.  The  Manchester  Philosophical  Society  appeared  in  the  1780's.  All  the 
societies  of  this  group  arose  within  a  span  of  about  thirty  years. 

Yet  a  century  elapsed  between  the  dates  of  founding  of  the  first  group  and 
the  second.  The  compactness  of  those  periods  themselves  suggests  that  during 
each  there  existed  a  peculiar  and  imperative  cultural  demand.  The  lengthy 
gap  between  them  emphasizes  differences  of  demand  in  the  two  eras.  The 
range  of  factors  involved  is  complex  and  possibly  can  never  be  completely 
analyzed.  But  one  striking  fact  stands  out  conspicuously.  The  Industrial  Revo- 
lution fell  between  the  two  groups  of  founding  dates.  All  the  earlier  societies, 
therefore,  appeared  before  it,  and  the  initial  stages  of  their  development  went 
forward  in  its  absence.  It  is  of  special  interest,  in  considering  the  circumstances 
and  the  needs  of  the  new  nations  of  the  world,  that  the  Newtonian  revolution, 
and  the  founding  of  the  Royal  Society,  took  place  in  an  essentially  preindustrial 
environment. 

There  is  other,  quite  independent,  evidence  that  this  was  indeed  the  case. 
The  major  steps  in  the  transformation  of  world  view  in  British  society  from 
an  essentially  Ptolemaic  concept  of  the  universe  to  a  Newtonian  one  came,  in 
the  main,  between  1660  and  1700.  As  Rostow  has  pointed  out,  the  period  of 
industrial  "takeoff"  in  England  can  be  referred  to  the  two  decades  from  1783 
to  1803 — approximately  eighty  to  one  hundred  and  forty  years  after  the  popular 
scientific  revolution  of  the  era  of  the  Restoration,  about  a  hundred  after  the 
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publication  of  the  Principia.  That  partnership  of  science  with  an  industrial 
milieu,  which  has  attained  such  impressive  stature  in  our  own  time  and  espe- 
cially in  our  own  nation  and  has  so  much  enriched  science  and  industry  alike, 
came  as  a  relatively  late  development  in  scientific  history. 

A  recognition  of  this  sequence  is  important  to  our  understanding  of  the 
needs  of  the  new  nations.  It  is  equally  important  to  bear  in  mind  that  related 
parameter — the  separateness  of  the  origins  of  technology  and  of  science,  and 
the  fact  that,  while  technology  is  thus  an  old  and  long-familiar  quantity,  to 
most  of  the  new  countries  science  may  be  neither.  It  is  not  always  easy  for  us 
to  think  in  these  dimensions.  We  tend,  naturally  enough,  to  extrapolate  from 
our  own  historical  experience.  But  here  that  experience  may  actually  be  a 
poor  guide.  The  scientific  revolution  was  already  well  matured  when  we  be- 
came a  nation,  and  its  tradition  came  to  our  country  ready-made,  as  it  were, 
and  at  one  remove.  Moreover,  Americans  from  the  very  beginning  were  deeply 
committed,  by  background  and  by  training,  to  the  processes  of  technology. 
Finally,  very  early  in  our  national  life  there  became  manifest  the  growing 
genius  for  organization,  the  strong  penchant  and  the  strong  basis  for  trade 
and  commerce,  the  drive  to  develop  the  country  internally,  and  the  beginnings 
of  domestic  industry.  All  the  elements  were  there  in  embryo — science,  tech- 
nology, and  the  potential  for  manufacturing  industry — all  contemporaneous, 
all  forming  a  powerful  union  at  the  very  outset  of  our  evolution  as  a  society. 
Our  situation  was  a  far  cry  from  that  in  most  of  the  new  nations  today.  Indeed, 
ours  was  actually  a  most  exceptional  development,  a  nearly  unique  experience 
which  we  must  make  every  effort  to  understand  objectively  and  from  which 
we  must  be  careful  not  to  generalize  unduly  as  we  strive  to  analyze  their  needs. 
We  must  remember  that  this  unusual  background  has  marked  us  today  with 
certain  tendencies  of  which  we  must  be  both  aware  and  wary  if  our  vision 
and  our  wisdom  for  ourselves  as  well  as  for  the  larger  world  are  not  to  be 
impaired.  Such  is  our  undoubted  penchant — though  much  of  our  more  recent 
philosophy  fortunately  denies  it — to  regard  the  fruits  of  pure  science  as  some- 
thing whose  primary  interest  and  value  lie  in  their  practicality.  Then  too 
there  are  the  dangers,  which  Egon  Orowan  has  well  described,  of  projecting 
the  order  of  values  most  appropriate  to  industrial  development  and  business 
practice  into  both  the  conduct  of  scientific  research  and  the  structuring  of 
education  for  research,  where  they  are  inappropriate  and  may  actually  be  dam- 
aging to  the  scientific  goal  of  the  truly  great  pioneering  of  new  ideas. 


One  more  lesson  can  be  drawn  from  the  history  of  the  scientific  revolution 
in  Great  Britain  that  may  be  important  in  the  context  of  the  new  nations.  This 
is  the  vivid  picture  provided  by  the  record  of  what  the  Newtonian  revolution 
really  meant  in  the  years  when  it  took  firmest  hold  upon  the  imagination  of 
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a  whole  people.  It  is  hard  indeed,  at  this  remove,  to  comprehend  how  consum- 
ing was  its  effect.  Between  the  early  years  of  Queen  Elizabeth  and  the  end 
of  the  reign  of  Charles  the  Second  there  clearly  occurred  in  British  society  as 
a  whole  the  most  profound  change  in  ways  of  looking  at  the  world  and  at 
man  himself.  It  seems  evident  that  the  early  Elizabethan  "reasoned"  with  his 
entire  mind,  including  in  the  process  areas  of  feeling,  intuition,  faith,  quite  as 
much  as  ratiocination.  For  the  men  on  the  other  side  of  this  historical  water- 
shed, however,  reason  and  faith  were  sharply  separated.  For  the  post-Restora- 
tion writer,  the  scientific  world  became  the  real  world,  taking  for  its  model  a 
combination  of  mathematical  deduction  with  quantitative  inductive  reasoning. 
Moreover,  not  only  did  the  outlook  of  a  whole  nation  undergo  a  transformation 
more  profound  than  any  that  wars  or  drastic  political  changes  might  have 
wrought  during  the  forty  years  between  the  Restoration  of  Charles  the  Second 
and  the  end  of  the  seventeenth  century;  even  more  prodigiously,  and,  in  the 
context  of  the  new  nations,  even  more  significantly,  the  fever  and  excitement 
of  the  change  were  truly  universal  in  the  society,  reaching  out  far  beyond  its 
rare  leaders  of  Newtonian  stamp.  So  thoroughly  was  the  viewpoint  of  the 
whole  society  remolded,  indeed,  that,  as  G.  R.  Cragg  has  pointed  out,  during 
this  time  numerous  literary  and  religious  works  of  second  rank  nonetheless 
collectively  delineated  with  accuracy  these  vast  changes  of  first-rate  importance. 
This  astonishing  movement  opened  windows  for  the  intellect  onto  vistas  so 
universal  and  compelling  that  the  vision  of  a  whole  people,  in  less  than  a 
generation,  was  intellectually  transformed. 

It  may  be  that  a  revolution  of  such  intensity  and  scope  can  never  sweep  over 
a  whole  society  again.  One  must  never  forget  the  long  centuries  of  special 
experience  that  underlay  that  heady  half-century.  And  yet  it  is  quite  easy  to 
imagine  that  in  another  guise  it  could  be  repeated  elsewhere  in  much  of  its 
earlier  intensity  and  dynamism.  Such  a  possibility  is  to  be  borne  in  mind  when 
we  think  of  the  prospect  of  scientific  revolutions  where  the  tradition  of  science 
is  relatively  new. 


HOW  can  the  advanced  industrial  nations  of  the  west  return  to  the  less 
developed  areas  some  of  the  fruits  of  the  long  technical  and  the  far 
shorter  scientific  and  industrial  revolutions  set  in  train  originally  by  the  ancient 
technical  pioneering  of  the  eastern  lands? 

All  the  new  nations  of  the  world  are  in  the  most  urgent  need  of  appropriate 
technologies  to  strengthen  their  economies.  We  are  well  placed  to  aid  them 
here,  and  the  problems,  though  formidable,  are  primarily  of  a  practical  kind. 
As  a  consequence  of  its  pragmatic  cast,  and  perhaps  as  a  consequence  of  its  an- 
cient and  world-wide  development,  the  character  and  the  values  of  technology 
are  well-nigh  universally  appreciated  and  understood.  Alert  men  in  the  new 
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nations,  generally  familiar  with  technical  matters,  can  seize  upon  the  world's 
store,  can  abstract  elements  from  it  that  are  relevant  to  their  needs,  can,  under 
favorable  circumstances,  adapt  them  successfully  to  the  requirements  of  their 
countries. 

Some  of  the  main  problems  confronting  those  who  would  bring  techno- 
logical aid  to  less  developed  lands  relate  to  their  understanding  of  the  criteria 
of  relevance  in  the  technologies  that  they  have  to  offer.  For  most  of  the  emerg- 
ing peoples  the  conquest  of  hunger  and  disease  and  the  fashioning  of  even  very 
simple  sources  of  energy  are  still  primary  problems.  The  relevant  technologies, 
therefore,  will  be  those  that  bear  heavily  upon  these  needs.  In  most  of  the  new 
countries,  moreover,  capital  is  a  scarce  quantity,  whereas  manpower  is  abun- 
dant. This  means  that  the  relevant  technologies  in  any  appropriate  field  will 
be  those  carrying  the  lowest  capital  cost  consistent  with  effectiveness.  And  it 
implies  another  requirement  too  often  forgotten:  that  they  be  designed  to 
maximize  the  efficiency  of  existing  manpower,  not,  as  in  the  technologies  to 
which  we  are  more  accustomed,  designed  primarily  to  conserve  manpower  by 
replacing  it  with  machines.  Furthermore,  it  will  be  vitally  necessary  to  ac- 
company the  introduction  of  new  technologies  with  capital  sufficient  to  estab- 
lish them  firmly.  Finally,  continuing  effective  assistance  demands  that  the 
new  technologies  be  actively  integrated  with  the  social  fabric  until  they  have 
become  permanent  and  effective  in  the  national  welfare.  This  is  not  likely  to 
be  an  easy  or  a  short  or  an  inexpensive  process;  it  will  require  a  degree  of  de- 
votion to  overseas  service  of  an  especially  high  quality  and  a  particular  tenacity. 

A  wealth  of  technological  information  already  available  in  the  world's  store 
will  be  vitally  useful  to  the  new  nations.  The  primary  problem  will  not  be  the 
discovering  or  inventing  of  it.  Rather  it  will  be  the  judicious  application  of 
valid  criteria  of  relevance  in  selection,  on  the  one  hand,  and  the  successful 
adaptation  and  introduction  and  establishment  of  the  appropriate  areas  of 
technology,  once  they  have  been  determined,  on  the  other.  It  will  be  important 
to  make  sure  that,  in  our  enthusiasm  to  be  of  aid,  we  do  not  succumb  to  the 
ever-present  temptation  to  include  among  the  technologies  that  we  press  upon 
new  nations  those  unrealistic  fields  which  by  their  glitter  attract  attention  and 
provoke  enthusiastic  demand,  and  raise  extravagant  hopes,  only  to  have  them 
later  disappointed,  with  a  risk  of  political  and  social  damage  incomparably 
greater  than  the  benefits  they  promised. 

In  all  our  programs  of  technical  aid,  we  shall  be  continuingly  faced  with  a 
grave  and  long-term  choice.  Although  in  some  measure  we  can  tread  two 
roads,  the  limitations  of  money,  of  materiel,  but  above  all  of  trained  manpower 
will  inevitably  force  us  constantly  to  reassess  in  the  most  careful  fashion  the 
relative  merits  of  two  quite  different  technical  courses  in  relation  to  the  new 
countries  of  the  world.  The  first  involves  a  conscious  striving  for  continuing 
leadership  in  the  technologies  that  are  functionally  truly  relevant  to  them. 
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The  second  involves  leadership  in  fields  of  technology  not  directly  relevant,  but 
which,  by  their  spectacular  quality,  provoke  attention  and  admiration  and 
possibly  stimulate  a  further  belief  in  and  devotion  to  the  processes  of  technology 
themselves.  This  will  be  the  hardest  kind  of  judgment  to  make.  It  may  not 
remain  constant  from  case  to  case,  or  from  decade  to  decade.  It  will  constitute 
only  one  guide  to  the  ways  in  which  we  need  to  distribute  our  effort.  But  it 
will  be  a  major  element.  The  consequences  of  such  decisions,  whatever  they 
are,  will  be  highly  significant,  both  for  ourselves  and  for  the  rest  of  the  world. 

But,  vital  as  relevant  technologies  are  for  the  new  nations,  in  the  end  they 
will  not  be  enough.  The  new  nations  will  need  an  indigenous,  living  science 
of  their  own,  however  limited  it  may  be  in  volume  and  in  scope.  There  are 
many  reasons  for  this  conclusion. 

The  first,  the  most  practical,  and  perhaps  the  least  fundamental  reason  is 
that,  as  the  whole  history  of  the  scientific  revolution  has  demonstrated,  tech- 
nology cannot  remain  a  vital  and  growing  thing  in  the  modern  world  without 
continuing  nourishment  from  the  wellsprings  of  a  living  science.  Without  a 
living  indigenous  science  a  new  country  must  depend  heavily  upon  constant 
borrowing  of  new  technology  from  abroad  if  its  technical  endowment  is  not 
to  stagnate.  Furthermore,  since  no  country  can  understand  so  well  the  subtle 
requirements  and  opportunities  of  a  technology  within  its  own  lands  as  the 
peoples  who  actually  employ  it,  the  very  adaptation  to  continuing  use  requires, 
in  its  most  pragmatic  aspect,  both  a  living  and  a  practical  science. 

But,  from  one  standpoint,  this  is  the  least  of  reasons.  It  is  not  simply  that, 
in  the  long  run,  a  modern  nation  can  be  reckoned  strong  only  if  it  possesses 
both  a  vital  technology  and  a  vital  science  in  appropriate  balance.  Without 
some  indigenous,  living  science,  a  nation  whose  whole  social  evolution  has  until 
recently  stood  outside  the  scientific  tradition  of  the  west — except,  indeed,  as  it 
may  have  been  exposed  to  it  in  an  attenuated  form  in  an  earlier  period — is  likely 
to  experience  great  difficulty  in  developing  standards  by  which  to  apprehend 
the  whole  scientific  "style"  of  the  natural  world.  That  instinct  of  what  is  and 
what  is  not  possible  and  credible  in  the  universe  in  which  we  dwell,  that  ability 
to  distinguish  between  the  scientifically  genuine  and  the  scientifically  deceptive, 
require  direct  experience  for  their  perfection.  Without  the  capacity  for  making 
such  judgments,  a  new  nation  will  remain  in  a  precarious  position,  highly  vul- 
nerable in  its  contacts  with  the  outside  world — indeed,  in  its  very  acceptance  of 
technological  aid  which  may  be  proffered  in  the  best  of  spirit.  But  the  greater 
danger  is  internal,  for,  without  such  a  sense  of  the  world's  scientific  "style,"  in- 
formed judgments  cannot  be  made  domestically  in  a  whole  field  of  critical 
matters.  It  was  not  idly  that  Solomon  Caulker  of  Sierra  Leone  remarked  at  the 
recent  Rehovoth  Conference,  "What  we  want  from  science  is  not  prestige  proj- 
ects, but  the  answers  to  our  own  witch  doctors." 

But  there  are  more  essential  reasons  than  these  for  a  living,  indigenous  science 
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within  developing  countries.  The  ability  to  make  independent,  original  contri- 
butions to  the  world's  store  of  knowledge  has  come  to  be  a  mark  of  progressive- 
ness,  and  even  of  national  identity,  in  the  modern  world.  The  new  nations  are 
proud  nations.  They  are  entering  a  world  in  which  an  indigenous,  distinguished 
science,  however  limited  its  scope,  is  inherently  a  part  of  national  greatness,  a 
shining  emblem  of  self-respect.  Some  advanced  nations  of  the  world  have  found 
themselves  in  the  recent  past  in  positions  where  it  would  clearly  have  been 
more  immediately  economical  for  them  to  borrow  from  abroad  advanced  tech- 
nologies— which  often  enough  had  been  developed  from  their  own  original 
scientific  findings — and  so  to  let  their  indigenous  and  costly  science  decline. 
As  Dennis  Gabor  has  pointed  out,  such  nations  have  characteristically  decided 
that  to  follow  this  easy  and  apparently  frugal  course  would  be  to  make  sacrifices 
of  self-respect  and  of  intellectual  and  spiritual  autonomy  entailing  losses  incom- 
parably greater  and  more  fundamental.  How  true  this  must  also  become  in 
future  for  the  emerging  nations  of  the  world ! 

There  is  another,  and  a  yet  more  compelling,  reason,  involving  at  a  funda- 
mental level  a  thesis  considered  earlier.  Without  a  living  science,  the  new 
countries  will  be  denied  access  to  that  whole  sector  of  satisfying  and  compelling 
beliefs,  that  model  of  our  larger  moral  concerns,  which  science  in  its  aspect  of 
knowledge  and  understanding  has  developed  over  the  centuries  since  its  birth. 
They  will  be  denied  the  world  fraternity  that  the  fabric  of  scientific  knowledge, 
of  scientific  investigation,  literally  the  frame  of  world  scientific  understanding, 
implies.  They  will  be  largely  denied  that  particular  structure  and  array  of  lofty 
concepts  that  is  the  priceless  heritage  of  the  scientifically  literate  peoples  of  the 
world. 

In  the  bipolar  world  which  they  are  entering,  the  new  nations  stand  in  sore 
need  of  independent  standards  to  which  they  may  repair.  Unless  they  have  a 
living  science,  one  of  the  finest  and  the  most  shining,  as  well  as  one  of  the  most 
practical  and  the  most  accessible,  of  those  standards  will  be  denied  them.  Most 
of  all,  they  will  be  denied  access  to  perhaps  the  most  striking  and  significant 
expression  in  existence  of  the  philosophy  that  there  is  inherent  stability  in  the 
processes  of  uncontrolled  and  unexpected  and  kaleidoscopic  change,  the  philoso- 
phy of  the  glory  and  the  final  security  of  its  challenge  in  the  world. 

The  establishment  of  an  indigenous  science,  however  modest  it  may  be,  will 
not  be  easy  for  the  new  nations,  for  a  variety  of  reasons.  It  will  not  be  accom- 
plished in  a  year,  perhaps  not  in  a  generation.  To  give  effective  aid  in  this,  the 
most  critical  and  the  most  spiritually  significant  of  all  the  aspects  of  scientific 
and  technical  experience,  will  make  demands  upon  our  wisdom  and  our  knowl- 
edge, our  understanding  and  our  sensitivity.  Yet  nowhere,  surely,  will  effective 
aid  be  more  important.  Nowhere  in  the  whole  sector  of  assistance  to  the  new 
nations  will  the  effort  to  meet  such  demands  creditably  be  more  justified. 

We  cannot  know  what  form  a  scientific  revolution  may  take  in  the  new  coun- 
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tries.  Clearly  it  will  be  highly  individual,  differing  significantly  in  form  in  each 
environment  where  it  occurs.  For  the  environment  of  each  new  state  is  a  con- 
tained universe  within  itself,  precisely  duplicable  by  no  other. 

But  certain  general  things  we  may  guess  with  fair  assurance  from  the  whole 
shape  and  history  of  the  scientific  revolution  in  the  west.  When  scientific 
revolutions  come,  they  come  as  integral  and  delicately  balanced  parts  of  total 
social  revolutions.  The  conditions  for  them  will  have  been  maturing  for  many 
years.  Unconsciously,  inchoately,  continuously,  there  has  been  adjustment  over 
a  protracted  period,  a  long  approach  to  some  critical  and  fateful  balance.  And 
so,  when  such  a  revolution  finally  occurs,  it  is  likely  to  come  with  lightning 
speed.  The  time  when  critical  courses  can  be  taken,  critical  decisions  made,  may 
be  short.  All  too  soon,  for  good  or  ill,  a  pattern  may  become  firmly  set.  In 
this  brief,  flexible,  tempestuous,  and  highly  vulnerable  period,  a  new  nation  may 
write  its  future  indelibly.  In  such  a  time  wisdom  in  planning  is  priceless.  So 
also  is  wisdom,  as  well  as  speed  and  decisiveness,  in  action.  Once  critical  steps 
are  called  for,  there  is  not  long  to  act,  and  afterward  it  may  forever  be  too  late. 

One  other  thing  we  may  be  fairly  sure  about.  The  most  significant  period  of 
a  scientific  revolution  comes,  not  when  science  is  first  apprehended  by  a  gifted 
few,  but  at  the  moment  when  the  vision  that  has  already  compelled  them 
spreads  to  a  whole  people.  Then  that  band  of  pioneers,  the  handful  who  have 
perceived  the  tide  and  understood  its  meaning,  may  become  the  fateful  archi- 
tects of  their  society,  and  their  notions,  their  attitudes,  their  vision  are  critical 
in  all  the  massive,  explosive  complex  of  events  that  follows.  Levi-Strauss  once 
wrote,  in  a  moving  address  to  his  former  students  at  the  University  of  Sao  Paulo: 
"I  see,  too,  that  the  great  upheavals  which  seem,  from  the  history  books,  to 
result  from  the  play  of  nameless  forces  in  the  heart  of  darkness,  may  also  be 
brought  about,  in  an  instant  of  lucidity,  by  the  virility  and  set  purpose  of  a 
handful  of  gifted  young  people."  Perhaps  a  few  young,  well  trained,  indigenous 
scientists  in  the  new  nations,  young  men  in  the  front  rank  of  their  specialities, 
however  limited  or  narrow  these  are,  provided  always  that  they  have  some 
relevance  to  the  practical  needs  of  their  peoples,  may,  in  a  not  too  distant  future, 
serve  as  important  members  of  that  gifted  handful  chosen  by  Destiny  for  tasks 
of  high  importance. 


The  Year         in  R 


view 


It  is  most  gratifying  to  find  the  Institution's  faith  in  the  uncommitted  scien- 
tific investigator  each  year  ever  more  fully  justified.  Increasingly,  an  image 
of  science  as  a  highly  methodical  operation  is  growing  in  the  mind  of  the  public. 
But  it  is  an  image  of  organization — of  organized  groups  whose  effort  is  directed 
with  great  precision  toward  common  objectives  of  public  importance.  Some- 
times the  effort  is  of  formidable  size  and  almost  unlimited  scope,  as  in  the  "con- 
quest" of  space.  More  often  the  objectives  are  of  a  more  limited  nature,  as  in 
the  scientific  approach  to  problems  of  public  health  or  defense.  But  the  me- 
thodical side  of  science,  expressed  in  large-scale  organization,  is  clear  to  the 
public  view  in  each.  Such  an  image  is  appealing  to  a  people  who  have  readily 
adopted  large-scale  organization  in  economic  and  technological  fields  with 
brilliant  success.  Moreover,  the  image  is  abetted  by  the  complexity  and  the 
enormity  of  modern  instruments  of  science — computers,  radio  telescopes,  high- 
energy  accelerators. 

The  program  of  the  Institution  whose  progress  it  is  my  privilege  to  report, 
however,  reflects  a  different  kind  of  scientific  structure.  The  Institution  is  or- 
ganized, to  be  sure.  But  the  primary  objective  of  its  organization  is  the  support 
of  the  uncommitted  individual  scientist;  it  is  not  organized  for  the  direction  or 
even  the  coordination  of  research  workers.  It  is  committed  only  to  the  support 
of  men  who  pursue  in  ways  of  their  own  choice  what  Julian  Huxley  called 
"a  process  for  arriving  at  a  constantly  increasing  body  of  established  truth."  x 

The  science  of  the  individual  uncommitted  investigator  is  highly  methodical 
too.  Indeed,  it  may  actually  be  more  methodical  from  a  long-range  point  of 
view  than  organized-group  science.  The  work  of  the  Institution's  six  Depart- 
ments during  the  past  year  has  exemplified  this  vividly,  illustrating  the  way  in 
which  the  dedicated  investigator  works  in  any  field  of  science. 

Six  important  steps  may  be  distinguished  in  the  methods  that  have  had  so 
much  success  in  advancing  the  frontiers  of  knowledge  during  the  last  three 
centuries.  They  may  be  briefly  described  as:  primary  observation,  classification 
and  correlation,  analysis  by  measurement  and  experiment,  problem  formulation, 

1  Julian  Huxley,  Heredity  East  and  West,  Henry  Schuman,  New  York,  1949,  p.  217. 
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conceptualization  and  theory,  and,  finally,  communication  and  the  achievement 
of  a  consensus. 

All  science,  of  course,  starts  with  the  primary  observation,  the  determination 
of  the  existence  of  an  object  or  phenomenon.  There  was  a  time,  when  the  ma- 
terial world  was  relatively  unexplored,  when  much  of  science  was  made  up  of 
primary  observation,  as  in  the  charting  of  the  skies,  or  expeditions  of  terrestrial 
exploration.  It  still  is  important  today.  Thus  the  President's  Report  last  year 
mentioned  the  discovery  of  the  cluster  of  galaxies  3C295  through  the  ingenious 
coupling  of  observation  on  radio  and  optical  telescopes.  This  was  a  primary 
observation  having  the  first  order  of  importance  for  astronomy.  It  goes  on  for 
many  other  levels  of  the  scientific  interest  as  well,  whether  it  is  detecting  the 
eosome  within  the  bacterial  cell,  observing  the  fossil  record  of  pyritized  micro- 
organisms, or  detecting  a  new  pigment  significant  in  photosynthesis. 

With  primary  observation,  classification  was  absolutely  essential  in  enabling 
men  to  establish  their  bearings  amid  the  phenomena  of  the  material  world.  It 
bulked  large  in  the  progress  of  some  subject  even  into  modern  years,  as  in  bo- 
tanical taxonomy.  A  simple  correlation,  as  in  habitat  studies  or  ecological  stud- 
ies of  plants  and  animals,  is  often  a  natural  accompaniment  to  classification. 
In  the  early  days  of  the  Institution  these  steps  took  a  surprising  amount  of  the 
total  attention  applied  in  several  fields,  as  in  marine  biology,  in  the  work  of  the 
Desert  Laboratory,  and  in  the  Eugenics  Records  Office.  It  still  figures  in  the 
work  of  the  scientist,  as  we  shall  see,  but  now  is  only  a  way  station  on  the  road 
to  understanding.  The  scientist  seeks  instead  a  higher  form  of  generalization, 
a  clear  view  of  the  ordered  structure  of  matter  and  its  dynamics.  It  is  the  differ- 
ence between  the  periodic  table  of  the  elements  and  electron  chemistry,  or 
between  biological  taxonomy  and  molecular  biology. 

The  hallmark  of  modern  science,  of  course,  is  measurement.  An  overwhelm- 
ing proportion  of  the  time  expended  by  scientific  research  workers  is  concerned 
with  measurement.  We  may  go  further  to  say  that  very  few  of  the  great  scien- 
tists of  the  past  were  not  concerned  with  measurement.  As  a  Dutch  physicist 
once  felicitously  expressed  it,  "door  meten  to  weten"  (through  measurement 
to  knowledge).2  The  intricate  relationships  of  the  beautifully  ordered  structure 
could  not  possibly  be  comprehended  without  precise  and  painstaking  measure- 
ment. The  research  workers  of  the  Institution  today  spend  a  large  part  of  their 
time  measuring  their  way  into  the  unknown,  ever  widening  the  horizon  that 
measurement  illuminates. 

Direct  measurement,  of  course,  is  not  often  possible  in  nature.  The  five  senses 
of  the  investigator  now  serve  him  very  poorly  without  mechanical  aids.  Instru- 
mentation, therefore,  is  a  vital  concomitant  of  measurement.  Indeed,  even  the 
possibility  of  measurement  on  modern  frontiers  of  investigation  depends  on 
success  with  highly  ingenious  instrumentation. 

2  Kamerlingh  Onnes,  from  E.  N.  da  C.  Andrade,  An  Approach  to  Modern  Physics,  Anchor 
Books,  Doubleday  and  Company,  Garden  City,  New  York,  1957. 
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Equally  important  are  the  technique  and  design  of  experiment.  Where  dy- 
namics in  the  ordered  structure  are  dependent  upon  an  intricate  combination 
of  factors,  experiment  must  isolate,  factor  by  factor,  before  any  semblance  of  un- 
derstanding can  be  achieved.  Likewise  many  phenomena  are  inaccessible,  like 
rock  structures  at  a  hundred  miles'  depth  within  the  earth,  or  the  magmatic 
solutions  that  solidify  to  become  crustal  rocks.  The  grasp  of  science  has  always 
become  stronger  when  and  where  valid  experiments  were  designed  and  carried 
out.  For  this  reason  the  investigators  of  the  Institution  are  heavily  committed 
to  the  experimental  method.  In  five  of  the  six  Departments  an  impressive  share 
of  the  advancing  insight  achieved  during  the  year  was  the  result  of  experiment. 

Random  measurement  or  even  the  random  selection  of  subjects  for  measure- 
ment would  not  be  science.  As  a  British  scientist  has  noted,  "The  material 
world  displays  an  infinite  field  for  experiment  and  speculation.  .  .  .  What  we 
find,  what  we  think  important  is  determined  by  choice."  3  The  determination 
of  that  choice  has  been  an  extremely  important  factor  in  the  past  progress  of 
mankind,  and  it  can  profoundly  affect  its  future.  The  choice  may  be  motivated 
by  social  compulsion,  as  it  appears  to  be  for  many  scientists  in  the  Soviet  Union 
or  within  the  Soviet  sphere  of  control.  Or  it  may  be  economic  attraction,  as  in 
much  research  supported  and  directed  by  industrial  corporations.  For  the  un- 
committed research  worker,  however,  the  choice  is  determined  in  large  part 
by  the  conceptualization  and  theory  formation  of  his  time.  Theory  attempts 
to  project  the  view  of  the  ordered  structures  beyond  the  area  of  the  measured 
known  in  a  way  that  will  promote  additions  to  the  "established  truth."  Indeed, 
the  uncommitted  worker  often  seeks  to  contribute  to  that  theory  or  concep- 
tualization, and  he  almost  always  works  with  an  "operational  hypothesis." 

Concepts  and  theory  aid  greatly  in  problem  formulation,  the  determination 
of  the  next  step  for  which  an  experiment  is  designed,  an  observation  planned, 
or  a  measurement  made.  The  problem  that  he  sets  for  himself  determines  the 
nature  of  a  scientist's  activities  and  the  direction  of  his  effort  at  any  given  time. 
Even  the  effort  of  an  entire  branch  of  science  may  be  directed  by  a  single  con- 
cept. As  is  observed  elsewhere  in  this  report,  genetics,  one  of  the  most  pene- 
trating biological  disciplines,  has  been  motivated  by  the  single  concept  of  the 
gene.  This  discipline,  in  which  the  Institution  has  played  a  leading  part,  has 
been  singularly  successful  in  stating  significant  problems  for  experiment,  pur- 
suing the  experiment,  and  thereby  revealing  the  operation  of  hereditary  mecha- 
nisms. The  history  of  genetics,  both  within  the  Institution  and  elsewhere,  has 
shown  the  importance  of  continuity  of  direction.  A  keen  sense  of  problem 
formulation  has  maintained  that  direction.  It  depended  mainly  on  the  concept 
of  the  gene  and  the  elaboration  of  subsidiary  concepts  related  to  it. 

The  last  important  step  in  the  progress  of  science  is  communication.  The 
need  of  communication  of  results  to  the  world  at  large  of  course  is  obvious. 


E.  N.  da  C.  Andrade,  An  Approach  to  Modern  Physics,  p.  245. 
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But  communication  is  also  part  of  the  scientific  method.  A  single  observation, 
a  single  measurement,  a  single  experiment  concerning  any  phenomenon,  is 
never  conclusive.  The  more  obscure  the  phenomenon,  the  less  conclusive  any 
single  measurement  or  observation.  In  his  own  laboratory  any  scientist  inter- 
ested in  fundamental  research  therefore  always  repeats,  reviews,  re-examines. 
However,  more  than  the  conclusions  of  a  single  observer  or  experimenter  is 
necessary  in  arriving  at  the  "established  truth."  The  truth  is  never  established 
until  the  consensus  has  been  reached  in  the  international  scientific  community, 
until  other  eyes  have  seen  the  same  results,  other  minds  reached  the  same  con- 
clusions. The  progress  of  fundamental  science  is  far  more  a  tightly  cooperative 
effort  than  most  laymen  recognize.  Communication  in  many  different  forms 
is  vital  to  the  pursuit  of  the  common  objectives  held  by  many  different  scientists 
today.  From  its  inception  the  Institution  has  seen  such  communication  as  an 
important  part  of  the  scientific  process;  in  recent  years  especially  it  has  at- 
tempted to  provide  an  atmosphere  in  which  it  was  always  encouraged.  The 
importance  of  these  communications  in  the  life  of  the  individual  investigator  is 
well  illustrated  by  the  remark  of  the  Director  of  the  Department  of  Terrestrial 
Magnetism  in  the  introduction  to  his  report  this  year:  "One  of  the  great  and 
lasting  satisfactions  of  a  scientific  career  lies  in  the  range  and  depth  of  the 
human  contacts  brought  about  by  the  scientific  problem  at  hand." 

We  must  recognize  that  this  general  method  of  fundamental  science  has  in- 
finite variations.  Nevertheless  its  major  lines  are  clearly  discernible  in  the  year's 
programs  of  the  Institution,  throughout  the  whole  range  of  the  subject  material 
considered.  The  emphasis  differs  here  and  there,  depending  on  the  intrinsic 
nature  and  history  of  the  subject  and  the  stage  of  a  particular  investigation,  but 
unmistakable  adherence  to  the  general  method  always  may  be  seen.  It  matters 
not  whether  one  is  concerned  with  biology,  physics,  or  astronomy. 

We  may  begin  with  biology,  a  subject  of  current  widespread  interest  among 
the  Departments  of  the  Institution.  Four  Departments  are  heavily  committed 
to  biological  research,  a  fifth  is  carrying  on  very  imaginative  research  in  this 
field,  and  even  the  Observatories  had  an  incidental  interest  through  an  investi- 
gation of  possible  organic  components  in  the  Martian  atmosphere. 

A  major  contributor  to  modern  biology  in  his  valediction  defined  this  enor- 
mous field  as  the  study  of  "the  physical  nature  of  living  substance."  4  Perhaps 
it  is  significant  that  he  used  the  word  "substance"  rather  than  "substances." 
The  results  which  have  flowed  from  biology  have  revealed  more  and  more  the 
great  similarities  and  biochemical  unity  underlying  most  forms  of  life,  even 
while  knowledge  of  its  outward  diversity  was  greatly  enlarged.  This  study  of 
the  nature  of  living  substance  received  its  first  impetus  more  than  a  hundred 
years  ago  with  the  first  recognition  of  the  cell  as  a  basic  unit  in  all  life  and  the 
beginning  of  the  science  of  cytology.  A  relatively  few  years  later  an  additional 

4L.  J.  Stadler,  The  gene,  Science,  120,  811-819,  1954,  reference  on  p.  811. 
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part  of  the  foundation  was  laid  through  Mendel's  experiments  on  the  character- 
istics of  inheritance.  Modern  biology,  however,  may  be  said  to  have  begun  in 
earnest  only  after  the  formulation  of  a  theory  of  hereditary  particles  independ- 
ently by  Sutton  and  Boveri  in  1902.  This  was  the  theory  of  the  gene,  which  has 
previously  been  mentioned.  The  gene  itself  still  remains  elusive,  but  as  an 
operational  hypothesis  it  has  produced  some  of  the  most  striking  results  that 
have  come  from  modern  biology. 

Established  soon  after  the  first  public  statement  of  the  gene  theory,  our  De- 
partment of  Genetics  has  had  an  important  part  in  the  succeeding  57  years  of 
genetics  research  inspired  by  that  concept.  It  has  always  drafted  its  problems 
in  terms  of  advancing  our  knowledge  of  the  composition  and  function  of  the 
chromosomes  and  their  parts.  In  addition,  several  important  subsidiary  con- 
cepts to  the  gene  theory  have  been  developed  by  the  Department.  During  the 
year  the  staff  added  further  to  the  long  list  of  results  that  have  come  from  the 
Department. 

Barbara  McClintock,  whose  experiments  demonstrating  correlation  between 
gene  loci  and  genetic  characteristics  in  maize  are  considered  a  cornerstone  in 
the  field,  a  few  years  ago  also  developed  the  Suppressor-mutator  hypothesis  of 
gene  action.  This  hypothesis  states  that  there  are  present  in  the  chromosome 
complement  of  living  matter  distinct  genetic  components  controlling  the  ac- 
tion of  genes — that  is,  genes  which  have  as  their  sole  function  the  control  of 
other  genes.  Since  her  first  statement  of  this  concept,  however,  the  most  specific 
evidence  for  it  has  come  from  experiments  on  maize,  the  plant  which  Dr. 
McClintock  has  studied  with  searching  care  and  brilliant  insight  for  many 
years.  This  year  it  was  her  satisfaction  to  hear  conclusive  evidence  of  the  opera- 
tion of  a  similar  system  of  genetic  control  in  bacteria.  Jacob  and  Monod,  of 
the  Pasteur  Institute  in  Paris,  reported  at  the  1961  Cold  Spring  Harbor  Sym- 
posium on  Cellular  Regulatory  Mechanisms  that  an  "operator-regulator"  sys- 
tem had  been  discovered  in  the  bacterium  Escherichia  coli  which  controls  the 
action  of  a  "structural"  gene  or  genes.  This  finding  is  of  substantial  scientific 
importance,  because  it  suggests  strongly  that  such  control  systems  may  operate 
in  most  if  not  all  of  the  genetic  events  that  determine  inheritance  of  all  terres- 
trial and  aquatic  life.  Although  well  confirmed  by  Dr.  McClintock's  own  ex- 
periments on  maize,  these  new  experiments  in  another  area  give  her  hypothesis 
added  depth. 

Dr.  McClintock  during  the  year  continued  to  extend  her  knowledge  of  the 
operation  of  this  Suppressor-mutator  (Spm)  control  system.  Some  years  ago 
she  set  as  her  problem  experimental  analysis  of  this  controlling  system  in  gene 
action  as  expressed  phenotypically  in  maize  kernels,  particularly  in  anthocyanin 
(red-blue)  pigment  formation  and  the  production  of  certain  types  of  starch. 
Her  work  during  the  report  year  concerned  these  characteristics  of  maize 
kernels  and  the  operation  of  the  Spm  system  within  the  gene  loci,  which  affects 


26         CARNEGIE  INSTITUTION  OF  WASHINGTON 


these  characteristics.  An  interesting  aspect  of  the  control  system  is  a  cyclic 
change  through  several  generations  in  the  activity  of  Spm  elements.  They 
change  from  active  to  inactive  and  back  to  active  again.  The  year's  experiments 
showed  very  clearly  that  the  production  of  red-blue  (anthocyanin)  pigment 
responded  directly  to  the  activity  phase  of  the  Spm  element,  pigment  being  ab- 
sent in  cells  that  carried  Spm  in  an  active  phase,  but  present  in  those  in  which 
Spm  was  inactive.  Evidence  also  confirmed  a  previous  conclusion  that  control 
of  the  cycle  of  the  Spm  element  resides  in  the  Spm  element  itself,  and  is  not 
affected  by  other  elements  within  the  chromosome.  Dr.  McClintock  observes 
that  her  studies  thus  far  have  treated  the  most  appropriate  genes  for  initial 
examination  of  control  systems,  but  there  is  no  reason  to  believe  that  the  system 
is  confined  to  these  genes. 

Dr.  McClintock's  work  is  based  on  the  observation  of  covariation  between 
phenotypic  (somatically  expressed)  characteristics  and  morphological  charac- 
teristics of  a  "mapped"  chromosome.  Another  approach,  very  popular  and  very 
effective  in  recent  years,  has  been  the  unraveling  of  the  chemical  structure  of 
hereditary  materials.  This  is  an  area  where  Dr.  Alfred  D.  Hershey  in  the  De- 
partment of  Genetics  has  done  most  significant  work.  The  field  has  been 
especially  stimulated  by  the  development  of  the  now-famous  double-helical 
model  for  the  structure  of  deoxyribose  nucleic  acid,  the  basic  material  of  in- 
heritance, by  Watson  and  Crick  at  Cambridge  University  about  eight  years  ago. 
Dr.  Hershey  has  selected  as  his  current  problem  a  testing  of  an  hypothesis  of 
collinearity  5  between  the  molecular  structure  of  DNA  and  the  linkage  map 
of  a  chromosome. 

Last  year  Hershey  was  able  to  extract  DNA  molecules  of  high  molecular 
weight  from  particles  of  one  type  of  phage  (T2). 

In  his  tests  of  the  hypothesis  this  year  Hershey  and  his  colleagues  took  two 
important  steps.  Previous  concepts  of  the  content  of  phage  particles  included 
assumptions  that  all  natural  nucleic  acids  might  have  a  molecular  weight  of 
about  1  million,  and  that  they  might  contain  nonchromosomal  as  well  as 
chromosomal  DNA.  Hershey's  results  during  the  year  show  that  neither  of 
these  suggestions  was  valid,  thus  considerably  simplifying  the  problem  of  estab- 
lishing collinearity  between  the  molecular  structure  of  phage  DNA  and  the 
chromosomal  linkage  map.  By  an  ingenious  use  of  autoradiography,6 1.  Ruben- 
stein,  C.  A.  Thomas,  Jr.,  and  Hershey  found  the  molecular  weight  of  isolated 
DNA  from  phage  T2  to  be  130  million,  calculated  for  the  sodium  salt.  Phage 
particles  were  shown  to  contain  the  same  amount  of  DNA  per  particle. 
All  DNA  in  a  particle,  therefore,  is  in  a  single  piece.  Similar  observations 
were  made  for  other  types  of  phage  (T5  and  A)  of  lower  molecular  weight. 

5  I.e.,  one-to-one  site  correspondence  on  the  same  line. 

6  A  technique  of  recording  shape  and  position  on  a  photographic  emulsion  by  means  of  energy 
from  radioactive  tracer  elements. 
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These  results  suggest  that  all  phages  contain  a  single  molecule  of  nucleic  acid, 
although  of  differing  molecular  weights.  They  also  open  an  intriguing  ques- 
tion: Why  does  one  type  of  this  smallest  form  of  life  require  40  times  as  many 
nucleotide  7  pairs  to  carry  out  roughly  the  same  functions  as  another  ? 

H.  J.  Cairns  of  Dr.  Hershey's  group  also  succeeded  in  measuring  the  length 
of  phage  T2  DNA  molecules.  The  length  he  obtained  (52  microns,  on  the 
average)  is  that  which  would  be  expected  for  a  molecule  of  weight  130  million 
according  to  the  Watson-Crick  model.  The  molecule  thus  may  be  described 
as  a  two-stranded  polynucleotide  helix,  fitting  the  Watson-Crick  model.  On 
the  basis  of  his  results  and  those  obtained  in  other  laboratories,  Dr.  Hershey 
further  observes  that  the  replication  of  DNA  molecules  in  phage  is  usually 
accompanied  by  separation  and  reunion  of  two  DNA  strands.  He  has  demon- 
strated that  a  high  frequency  of  strand  breakage  is  correlated  with  a  high 
frequency  of  genetic  recombination.  He  concludes  that  results  thus  far  show 
that  phages  provide  favorable  materials  for  eventually  testing  the  hypothesis  of 
collinearity  between  DNA  molecular  structure  and  chromosomal  linkages. 

A  third  approach  toward  an  understanding  of  the  functioning  of  the  ma- 
terials of  heredity  is  typified  in  the  work  of  B.  P.  Kaufmann  and  Helen  Gay. 
They  continue  Dr.  Kaufmann's  interest  of  more  than  40  years  in  the  changing 
patterns  of  chromosomal  and  cytoplasmic  fine  structure  in  growing  higher 
organisms.  They  and  their  associates  employ  essentially  the  methods  of  modern 
cytology,  using  both  morphological  and  chemical  indicators  to  arrive  at  their 
results.  These  studies  were  aided  considerably  by  the  availability  for  the  first 
time  of  a  crystalline  deoxyribonuclease  enzyme  (DNase  II),  prepared  by 
Margaret  McDonald  of  the  Department  and  the  culmination  of  several  years' 
work  for  her.  With  the  aid  of  this  enzyme,  staining  techniques,  and  autoradi- 
ography, experiments  demonstrated  clearly  that  a  type  of  structural  ribonucleic 
acid  (RNA)  is  present  in  that  part  of  the  chromosomal  material  known  as 
heterochromatin  (so  called  because  it  maintains  a  condensation  and  staining 
cycle  different  from  those  of  the  euchromatin).  This  result  may  be  considered 
a  significant  addition  to  the  accumulating  evidence  that  RNA  is  an  integral 
part  of  the  materials  of  heredity.  It  was  also  found  that  the  content  of  RNA 
within  other  parts  of  the  chromosome  (euchromatin)  varied  according  to  the 
stage  of  development  of  the  cell.  This  raises  an  interesting  question  about  the 
function  RNA  may  have  at  the  very  onset  of  development  and  replication 
of  cells. 

Kaufmann  and  his  group  also  undertook  during  the  year  an  analysis  of 
changes  in  fine  structure  of  cells  as  they  developed  in  growing  organisms.  The 
developing  pollen  cells  of  the  spiderwort  (Tradescantia)  and  the  plasmodium 
and  fruiting  body  of  slime  mold  {Physarum  polycephalutn)  were  chosen  for 
study.  A  very  useful  basic  series  of  electron  micrographs  was  obtained  as  cell 

7  A  component  of  nucleic  acid  containing  a  nitrogenous  base,  a  sugar,  and  phosphoric  acid. 
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development  progressed,  showing  striking  changes  in  the  fine  structure  of 
both  pollen  and  mold. 

These  illustrations  from  the  Department  of  Genetics,  in  addition  to  stressing 
the  importance  of  experiment  and  the  relation  between  hypothesis  and  experi- 
ment, reveal  a  major  interest  of  modern  biology  in  dynamics.  This  point  is 
stressed  specifically  at  the  outset  of  the  report  of  the  Biophysics  Section  of  the 
Department  of  Terrestrial  Magnetism.  R.  B.  Roberts  and  his  colleagues,8  who 
have  specialized  during  the  last  few  years  on  study  of  the  function,  form,  and 
structure,  in  bacteria  and  in  yeasts,  of  the  small  intracellular  bodies  known  as 
ribosomes,  note  that  biosynthesis  requires  energy,  material,  and  information. 
They  go  on  to  say  that  the  flow  of  energy  usually  is  taken  for  granted,  and  that 
study  customarily  has  been  directed  either  toward  the  flow  of  material  or  to- 
ward the  flow  of  information.  The  studies  of  the  Department  of  Genetics, 
of  course,  have  been  concerned  with  the  determinants  of  the  flow  of  informa- 
tion and  the  manner  in  which  they  operate.  The  Biophysics  Section,  on  the 
other  hand,  has  been  interested  primarily  in  the  flow  of  material — the  assembly 
of  amino  acid  or  nucleotide  precursors  into  proteins,  nucleic  acid,  or  nucleo- 
protein.  The  results  in  previous  years  not  only  demonstrated  the  existence  of 
different  types  of  ribosomes  and  their  classification  according  to  sedimentation 
coefficients  but  also  yielded  some  understanding  of  the  flow  of  amino  acids  and 
nucleotides  into  ribosomal  assembly. 

Continuing  their  study  of  the  flow  of  material  in  ribosomal  synthesis,  the 
Biophysics  Section  accomplished  a  major  advance  during  the  year  in  discover- 
ing through  experiment  two  macromolecular  precursor  stages  of  the  three 
ribosome  classes  that  previously  had  been  identified  within  bacterial  cell 
{Escherichia  colt)  ribosomes.  In  a  series  of  elegant  experiments,  which  in- 
cluded the  incorporation,  as  tracers  of  the  precursors  of  RNA  and  protein,  of 
C14-uracil  and  C14-leucine,  the  analysis  of  sedimentation  constants,  and  the 
development  of  a  mathematical  model  of  the  kinetics  of  tracer  incorporation 
into  growing  cells,  the  Section  established  that  there  is  an  eosome  stage  of 
precursor  particles  within  the  cells  and  a  later  neosome  stage.  The  experiments 
were  of  particular  interest  in  providing  a  working  concept  of  the  sites  of 
protein  synthesis  within  cells.  The  eosomes  contain  no  protein,  and  the  neo- 
somes  about  one-quarter  to  one-half  the  protein  of  the  mature  ribosomes.  These 
experiments  suggested  that  the  protein  of  the  ribosomes  is  actually  synthesized 
on  the  eosomes  and  neosomes. 

In  another  interesting  set  of  experiments  the  Section  set  as  its  problem  a 
correlation  of  the  study  of  information  flow  and  material  flow  within  the  cell. 
Jacob  and  Monod,  of  the  Pasteur  Institute  in  Paris,  have  recently  suggested  a 

8R.  J.  Britten,  D.  B.  Cowie,  and  B.  J.  McCarthy,  Staff  Members,  and  J.  A.  Boezi  and  J.  E. 

Midgley,  Fellows. 
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new  hypothesis  aimed  at  an  old  problem  in  the  flow  of  information  which 
accompanies  the  replication  of  all  life.  The  problem  is  to  understand  the 
mechanisms  whereby  the  information  carried  by  the  DNA  of  the  nucleus  can 
guide  the  formation  of  the  protein  of  which  the  cell  and  its  descendants 
through  myriad  generations  will  be  built.  Jacob  and  Monod  have  postulated 
that  this  guidance  is  supplied  by  a  "messenger"  RNA  first  formed  on  a  DNA 
"template."  According  to  the  hypothesis  the  messenger  RNA  is  rapidly  de- 
graded after  having  transferred  its  information  to  the  site  of  protein  synthesis. 
In  a  series  of  experiments  done  by  the  Biophysics  Section  the  most  convincing 
evidence  was  obtained  from  examining  the  induction  of  P-glactosidase  in  E.  coli. 
Results  indicated  that  the  enzyme-forming  units  must  be  continually  synthe- 
sized, and  must  have  half-lives  similar  to  those  of  the  eosomes  discovered  in 
other  experiments  on  material  flow.  Roberts  and  his  colleagues  believe  that 
their  experiments  support  an  hypothesis  that  DNA  is  required  for  the  first 
protein-forming  ribosomal  precursors.  Their  experiments  also  supported  the 
hypothesis  of  Jacob  and  Monod  about  messenger  RNA,  to  the  extent  that 
there  is  a  newly  formed  RNA  which  acts  as  a  template  for  protein  synthesis. 
According  to  Roberts  and  his  colleagues,  however,  this  RNA  may  not  be  de- 
graded but  is  subsequently  incorporated  into  the  ribosomes. 

The  report  concludes  with  a  comparison  of  eight  alternative  models,  one  or 
more  of  which  may  be  considered  a  basis  for  future  research.  Preference  is 
expressed  for  a  model  showing  DNA,  eosomes,  neosomes,  and  ribosomes  ex- 
tended in  roughly  parallel  strands  within  a  cell.  Although  it  is  clear  that 
there  are  no  certainties  as  yet  concerning  the  state  of  organization  of  the  living 
cell,  we  believe  that  the  Section  has  taken  several  difficult  steps  during  the  year 
in  the  direction  of  reaching  those  certainties.  Their  report  provides  a  vivid 
illustration  of  the  constant  feedback  between  theory  and  experiment,  truly 
classic  design  of  experiment,  and  ingenious  instrumentation  so  characteristic 
of  dynamic  scientific  research. 

We  commented  above  that  in  the  analysis  of  biosynthesis  the  flow  of  energy 
usually  was  taken  for  granted,  while  study  centered  on  the  flow  of  information 
and  the  flow  of  material.  In  one  Department  of  the  Institution,  the  Depart- 
ment of  Plant  Biology,  it  is  not  taken  for  granted;  indeed,  it  is  very  much  at 
the  heart  of  this  Department's  investigations.  For  some  years  C.  Stacy  French, 
James  H.  C.  Smith,  and  their  colleagues  in  that  Department  have  been  at- 
tempting to  unravel  the  complexities  of  the  primary  flow  of  energy  in  the 
biosphere,  the  conversion  of  light  into  photochemical  products  during  the  proc- 
ess of  photosynthesis  in  higher  plants,  algae,  and  bacteria.  They  have  ap- 
proached the  problem  from  two  quite  different  directions:  (1)  an  analysis  of 
the  specific  wavelengths  of  light  effective  in  photosynthesis  and  their  correla- 
tion with  photosynthetic  activity  in  the  plant;  and  (2)  the  isolation  and  identi- 
fication of  photosynthetic  pigments  or  their  precursors.  In  past  work  they  have 
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identified  and  measured  the  principal  action  spectra  (effective  light  wave- 
lengths) of  photosynthesis.  They  also  have  most  significantly  extended  our 
understanding  of  the  underlying  mechanism  of  the  so-called  "enhancement" 
effect  in  photosynthesis — the  observed  phenomenon  that  light  of  two  different 
wavelengths  may  produce  a  greater  total  photosynthetic  activity  than  the  same 
number  of  light  quanta  of  either  component  wavelength  presented  separately. 
The  same  effect  is  observed  even  when  the  growing  plant  is  illuminated  alter- 
nately with  flashes  of  light  from  the  two  different  effective  wavelengths  in 
rapid  succession. 

Acting  on  the  working  hypothesis  that  photosynthesis  results  from  the  inter- 
action of  two  separate  products,  each  formed  by  one  specific  pigment  system, 
Dr.  French  and  Dr.  David  C.  Fork  experimented  with  light  absorption  in  the 
red  alga  Porphyridium  cruentum.  They  found  that  two  primary  photochemical 
products  were  indeed  formed  by  the  light  of  two  different  wavelengths.  These 
two  products  apparently  react  together  to  produce  oxygen  and  to  regenerate 
their  precursors  in  the  cell.  Considerably  increased  rates  of  oxygen  uptake  were 
clearly  observed  after  exposure  of  the  algae  to  red  light. 

To  test  the  meaning  of  their  observations,  French  and  Fork,  with  the  aid  of 
an  analog  computer,  developed  a  kinetic  model  for  the  plotted  oxygen  ex- 
change. The  flow  predicted  in  the  model  corresponds  closely  enough  with 
the  phenomena  observed  to  encourage  Dr.  French  and  Dr.  Fork  to  elaborate 
and  adapt  the  model  to  plan  for  more  precise  measurements  of  the  events  sug- 
gested by  the  year's  observations.  It  will  provide  the  rationale  in  planning  ex- 
perimental regimes  for  the  production  of  isolates  of  the  two  photochemical 
substances  as  yet  chemically  unidentified.  Toward  this  end  Dr.  Fork  com- 
menced during  the  year  the  examination  of  the  action  spectra  for  the  forma- 
tion of  known  photosynthetic  intermediates.  He  found  that  the  formation  of 
adenosine  triphosphate  is  accelerated  in  the  presence  of  light  absorbed  prefer- 
entially by  the  accessory  pigments  chlorophyll  b  and  chlorophyll  a  673  in  leaf 
chloroplasts. 

A  step  also  was  taken  during  the  year  toward  a  long-desired  objective  of  the 
Department  in  the  physical  separation  of  the  several  types  of  chlorophyll-^ 
complexes  in  their  active  forms.  Jeanette  Brown  this  year  developed  procedures 
through  which  she  obtained  water  extracts  of  the  chlorophyll-^  complexes  in 
their  natural  ratios.  She  has  shown  that  close  derivatives  of  some  complexes 
can  be  separated  by  centrifugation. 

Another  long-sought  objective  also  was  reached  during  the  year  in  a  per- 
fection of  procedures  by  J.  H.  C.  Smith  and  Janice  Coomber  for  the  extraction 
of  purified  protochlorophyll-bearing  particles.  These  particles  contain  the 
chloroplast  pigments  upon  which  light  acts.  Electron  micrographs  of  these 
particles  were  made,  which  showed  them  to  be  oblate  spheroids  with  an  esti- 
mated molecular  weight  of  about  1.4  million. 
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In  sum,  the  Department  of  Plant  Biology  during  the  year  took  several  im- 
portant steps  toward  the  illumination  of  the  complex  of  reactions  which  to- 
gether compose  photosynthesis,  and  an  isolation  of  the  compounds  whose  indi- 
vidual characteristics  must  be  thoroughly  known  before  the  entire  process  of 
transforming  light  energy  into  carbohydrate  can  be  charted. 

A  peripheral  but  still  important  interest  in  one  part  of  the  mechanism  of 
photosynthesis  has  continued  also  at  the  Geophysical  Laboratory.  P.  H.  Abel- 
son  and  T.  C.  Hoering  last  year  reported  on  their  observations  about  the  prefer- 
ential fixing  of  the  light  isotope  of  carbon,  C12,  as  compared  with  the  heavier 
C13  during  photosynthesis.  Among  several  questions  asked  in  commenting  on 
their  1959-1960  results  was  the  general  one:  Is  this  isotope  fractionation  char- 
acteristic of  all  living  matter?  This  year  they  extended  their  observations  by 
culturing  Escherichia  coli  and  the  alga  Chlorella  pyrenoidosa  with  glucose  as 
the  sole  source  of  carbon.  They  found  that  the  lipide  fraction  of  these  bacterial 
cells  showed  the  same  preferential  fixing  of  C12  relative  to  the  carbohydrate 
fraction  as  in  photosynthetic  organisms.  The  bulk  of  the  remainder  of  the  cell 
material,  however,  had  an  isotopic  composition  similar  to  that  of  the  glucose. 
They  postulate  that  most  of  the  isotope  fractionation  in  photosynthesis  is  in  the 
carbohydrate-forming  process,  but  that  the  preferential  uptake  of  C12  in  the 
lipides  establishes  isotope  fractionation  as  a  general  phenomenon  in  the  bio- 
synthesis of  lipides.  Preferential  fixing  of  C12  would  seem  to  be  generally  found 
in  plants. 

The  biological  research  described  hitherto  has  concerned  events  and  ma- 
terials located  within  the  individual  plant  or  animal  cell  or  viral  particle.  This 
is  entirely  in  agreement  with  the  consensus  of  the  biological  research  com- 
munity that  the  needed  answers  for  progress  have  been  and  are  at  the  cellular 
level.  To  understand  the  cell,  however,  is  not  to  understand  the  multicellular 
organism.  There  is  a  growing  area  of  research  in  which  knowledge  of  events 
within  the  single  cell  forms  one  basis  of  experimental  knowledge,  but  atten- 
tion is  centered  on  the  mechanisms  (both  intra-  and  extracellular)  which 
differentiate  cells  and  govern  their  aggregate  functioning  in  multicellular 
organisms.  Some  suggestion  of  the  nature  of  this  work  was  given  in  a  brief 
description  of  investigations  of  developing  Tradescantia  and  slime  mold  cells 
by  Kaufmann  and  his  co-workers.  This  area,  however,  is  a  particular  concern 
of  James  D.  Ebert  and  his  associates  at  the  Department  of  Embryology. 

Dr.  Ebert  and  his  staff  have  the  fascination  (and  sometimes  the  frustration) 
of  working  in  a  highly  complex  field  that  is  still  at  an  early  stage  of  develop- 
ment. It  may  properly  be  considered  one  of  the  most  technically  difficult  of 
all  the  fields  of  research  with  which  the  Institution  is  concerned.  Not  only 
must  new  cell  types  be  recognized  and  the  process  of  their  differentiation 
understood,  but  the  migration  of  these  cells  to  their  functional  position  in  the 
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embryo  and  the  modes  of  their  activation  pose  profound  challenges  to  the  in- 
vestigators. As  Dr.  Ebert  observes,  this  entire  process  of  the  fabrication  of 
macromolecules  into  cells  and  cells  into  tissues  rests  on  a  series  of  molecular 
interactions.  From  this  vast  field  of  possibilities  the  selection  of  problem  areas 
capable  of  yielding  broad  insights  and  generalizations  of  full  scope  becomes 
an  undertaking  of  great  difficulty  and  high  importance. 

Several  years  ago  Dr.  Ebert  chose  as  one  particular  subject  the  study  of 
antigen-antibody  reactions — the  problem  of  the  development  of  immunologi- 
cally competent  cells  within  animals.  Acting  on  a  working  hypothesis  that 
embryos  are  capable  of  immune  reactions,9  Ebert,  L.  E.  DeLanney,  and  their 
co-workers  have  pursued  a  series  of  imaginatively  designed  and  sensitive  experi- 
ments to  test  that  hypothesis.  Their  experiments,  carried  out  on  chick  embryos, 
demonstrated  without  doubt  that  the  embryo  does  provide  an  environment 
favorable  for  at  least  one  class  of  immune  reaction,  beginning  very  early  in 
development.  They  now  propose  that  the  development  of  the  environment 
within  an  organism  which  supports  an  immune  reaction  and  the  differentiation 
of  immunologically  competent  cells  are  separate  but  interconnected  processes, 
which  mature  at  different  rates.  This  concept  of  the  immunological  process 
was  presented  after  the  completion  of  a  series  of  experiments  showing  that 
initially  incompetent  embryonic  cells  maintained  in  an  embryonic  environment 
eventually  would  reach  functional  immunologic  maturity.  The  technique  was 
that  of  inducing  a  graft-versus-host  reaction  after  transplants  in  a  succession 
of  different  embryos. 

Study  of  the  mechanisms  of  enzyme  synthesis,  already  illustrated  as  an  im- 
portant approach  to  research  on  intracellular  metabolism,  is  also  being  used 
in  developmental  biology.  In  consultation  with  Dr.  Ebert,  two  young  investi- 
gators, Y.  Kato  and  }.  R.  Coleman,  have  centered  their  attention  on  enzyme 
synthesis  during  embryonic  life.  During  the  year  Kato  studied  in  detail  the  ap- 
pearance of  hypoxanthine  dehydrogenase,  one  of  the  numerous  "flavin" 10 
enzymes,  in  the  developing  chick.  This  enzyme  shows  a  dramatic  rise  in  the 
liver  of  the  chick  immediately  after  hatching.  Kato  postulated  that  the  remark- 
able increase  of  the  enzyme  represented  synthesis  within  the  liver  at  the  time 
and  that  an  accompanying  decrease  of  other  flavin  enzymes  would  be  found, 
because  the  total  flavin  supply  would  be  limited.  His  measurements  of  the 
content  of  other  flavin  enzymes  support  his  hypothesis. 

Coleman  has  studied  the  enzyme  deoxyribonuclease  (DNase)  in  the  de- 
veloping frog.  As  was  noted  in  last  year's  report  of  the  Department  of 
Genetics,  there  are  two  types  of  this  enzyme,  DNase  I  and  DNase  II.  They 
have  very  different  sites  of  appearance  and  patterns  of  peak  formation  in  the 
history  of  the  embryo  and  the  older  individual.  DNase  I  occurs  with  highest 


9  The  traditional  and  accepted  theory  was  that  embryos  are  incapable  of  such  reactions. 
10 Flavins  are  probably  best  known  in  vitamin  B2  (riboflavin). 
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activity  in  the  pancreas;  DNase  II  is  more  generally  distributed  through  the 
organism.  Following  these  observations,  Coleman  set  himself  the  problem  of 
discovering  whether  the  distinct  patterns  of  appearance  could  in  any  way  be 
correlated  with  functional  activity  within  the  organism.  He  found  that  all 
DNase  I  activity  is  associated  with  the  digestive  tract  and  has  a  generally  syn- 
thetic function.  DNase  II,  on  the  other  hand,  is  associated  in  the  frog  tadpole 
more  with  moribund  processes.  Its  first  increase  in  the  embryo  is  coincident 
with  the  first  occurrence  of  cell  death  in  embryonic  development.  Preliminary 
experiments  indicate  that  a  resorbing  tadpole  tail  at  metamorphosis  has  about 
twenty  times  the  DNase  II  activity  of  a  nonresorbing  tail.  Although  the  results 
are  preliminary,  these  experiments  certainly  suggest  that  further  study  of  en- 
zyme formation  and  abundance  is  a  promising  approach  in  developmental 
biology. 

The  above  results  are  concerned  with  analyses  of  two  specific  physiological 
systems — one  the  system  producing  immune  reactions,  and  the  other  the  sys- 
tem or  systems  centering  on  the  deoxyribonucleases,  with  functions  not  yet 
fully  understood.  Mary  E.  Rawles,  again  of  the  Department  of  Embryology, 
has  chosen  as  her  problem  in  this  general  field  of  investigation  the  relation 
between  two  interacting  cellular  systems,  one  activating  and  the  other  respond- 
ing. The  activating  system  lies  in  the  dermis,  and  the  responding  system  in  the 
epidermis,  of  the  chick  embryo.  Her  results  make  a  fascinating  subscript  to  the 
great  story  of  evolution.  In  a  comparative  study  of  the  scale-producing  areas 
(feet)  and  the  feather-producing  areas  of  the  chick  body,  she  is  attempting  to 
discover  differences  in  the  mechanisms  that  elaborate  these  two  different  integu- 
ments. Using  delicate  grafting  and  culture  techniques,  she  has  found  that 
during  the  greater  part  of  the  life  of  the  embryo  the  epidermis  of  feather- 
producing  areas  yields  feathers  when  grafted  onto  the  dermis  of  scale-produc- 
ing areas.  The  reverse  is  not  true:  grafts  of  epidermis  from  scale-producing 
areas  on  dermis  of  feather-producing  areas  result  in  feathers  rather  than  scales. 
Rawles  notes  that  the  epidermis  of  all  body  regions  of  birds  has  acquired  an 
inherent  tendency  to  form  feathers  during  the  long  course  of  the  evolution  of 
birds  from  reptiles.  Feathers,  of  course,  effectively  promoted  the  survival  of 
birds  as  warm-blooded  animals.  Dr.  Rawles's  experiments  show  that  the  po- 
tential for  conversion  to  feather  production  exists  strongly  in  the  residual 
scale-producing  areas  which  birds  have  retained.  We  have  in  this  a  fascinating 
first  glimpse  of  an  example  of  the  biochemical  basis  of  evolution,  suggesting 
hundreds  of  further  questions. 

Turning  now  to  a  very  different  area  of  research  interest  in  the  Institution, 
the  nature  and  history  of  the  earth's  crust  continue  to  present  a  major  challenge, 
particularly  to  the  Department  of  Terrestrial  Magnetism  and  the  Geophysical 
Laboratory.  Here,  again,  as  in  biology,  many  difficult  questions  are  being  dis- 
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cerned  and  met  by  trained  minds.  An  understanding  is  being  sought  of  the 
age  and  history  of  the  earth's  crust  in  regions  where  there  are  no  fossil  indi- 
cators. Knowledge  is  being  sought  of  the  gross  structure  of  the  earth's  crust 
below  the  range  of  the  probes  made  into  it,  of  the  mechanisms  of  differentia- 
tion, formation,  and  association  of  the  many  different  minerals,  of  the  energy 
flow  within  the  crust,  and  of  the  relation  of  geological  materials  to  antecedent 
life  forms. 

Both  the  Department  of  Terrestrial  Magnetism  and  the  Geophysical  Labora- 
tory have  been  vigorously  re-examining  the  older  preconceptions  of  the  subject, 
where  these  exist.  The  Department  of  Terrestrial  Magnetism,  for  example, 
observes  in  its  report  that  "  a  few  assumptions  and  simplifications"  about  the 
gross  structure  of  the  earth  or  the  earth's  crust  "have  become  frozen  into  dogma 
...  by  continued  usage."  They  observe  further  that,  "with  the  sudden  ex- 
pansion of  seismology  accompanying  .  .  .  the  detection  of  nuclear  explosions, 
it  becomes  especially  important  to  inquire  about  some  of  these  bits  of  unproved 
dogma  before  their  application  spreads  to  a  whole  new  group  of  investigators. 
Chief  among  these  simplifications  is  the  treatment  of  crustal  structure  as  a 
series  of  layers,  each  of  uniform  composition,  bounded  by  discontinuities  in 
physical  properties."  They  note  further  that  this  accepted  model  arose  because 
it  was  suited  to  widely  spaced  observations  and  to  the  mathematics  adapted  to 
hand  calculation,  which  no  longer  are  limiting  factors.  A  new  model  must  be 
examined.  It  probably  will  be  one  in  which  properties  of  the  earth's  crust 
change  continuously  with  depth,  in  which  horizontal  differences  of  a  regional 
nature  as  well  as  vertical  differences  are  considered.  Such  a  concept  would 
include  islands,  or  lumps,  10  kilometers  or  more  in  dimension  scattered  through 
the  earth's  crust,  and  having  properties  differing  from  the  material  that  sur- 
rounds them.  It  is  possible  to  test  the  first  part  of  this  tentative  concept  analyti- 
cally by  means  of  high-speed  computing  machines.  Many  additional  observa- 
tions would  be  necessary  to  examine  the  validity  of  the  second  part,  the  regional 
heterogeneity  of  the  crust. 

The  principal  analytical  tools  used  by  M.  A.  Tuve,  L.  T.  Aldrich,  and  their 
colleagues  to  study  these  questions  at  the  Department  of  Terrestrial  Magnetism 
are  seismic  waves.  The  interpretation  of  these  waves  as  they  move  and  are 
reflected  and  refracted  through  the  earth's  crust  after  explosions  and  earth- 
quakes can  give  clues  to  the  deeper  crustal  structures.  Tuve  and  his  associates 
are  interested  in  a  program  of  primary  observation  on  a  truly  continental  scale, 
ranging  over  both  North  and  South  America.  Expeditions  were  made  to  Mon- 
tana and  to  Maine,  to  Peru,  Bolivia,  and  Chile  during  the  year.  With  the  De- 
partment's assistance,  no  less  than  17  seismic  observing  stations  have  been 
established  in  the  Andes,  from  which  new  and  remarkably  detailed  data  on 
local  earthquake  occurrence  have  been  obtained.  These  observations  are  com- 
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mencing  to  yield  information  on  the  deep-lying  structures  beneath  the  Andes. 
Together  with  earlier  studies  made  in  the  same  region,  and  others  made  else- 
where, they  are  leading  the  staff  of  the  Department  to  doubt  that  the  tradi- 
tionally postulated  crustal  layers  of  the  earth  actually  exist.  The  Montana 
results  confirm  the  existence  of  some  marked  regional  differences  in  deep  struc- 
ture. In  the  Montana  observations,  significantly  different  interpretations  of 
seismic  wave  patterns  were  found  for  localities  spaced  only  100  to  200  kilometers 
apart  in  regions  much  the  same  in  their  surface  geology. 

Information  about  the  deep-lying  structure  of  the  earth  also  is  being  sought 
through  laboratory  experiment.  The  Geophysical  Laboratory  has  been  particu- 
larly interested  in  undertaking  physicochemical  investigations  of  mineral  sys- 
tems for  the  information  they  can  yield  on  crustal  structure  and  processes. 
Among  other  projects  work  has  recently  been  centered  on  the  laboratory  ex- 
amination of  basalt,  an  important  series  of  rocks  of  great  chemical  and  mineral- 
ogical  complexity.  The  techniques  and  the  approach  used  in  these  experiments 
are  illustrated  by  the  current  work  of  H.  S.  Yoder,  Jr.,  and  C.  E.  Tilley. 

Field  geologists  have  long  recognized  two  principal  types  of  basalt:  a 
"tholeiitic"  type  and  the  alkali  basalts.  Although  similar  chemically,  the  two 
differ  significantly  in  mineral  composition.  Yoder  and  Tilley  note  that  each 
of  these  types  has  been  nominated  the  parent  or  primitive  basalt.  They  have 
asked  the  question  whether  either  of  them  is  the  parent  of  the  other,  or  whether 
each  arises  independently.  Using  certain  normative  minerals  as  indicators  of 
each  type,  and  subjecting  them  to  different  pressures  and  melting  temperatures, 
they  examined  the  phase  relations  (transition  from  one  mineral  assemblage  to 
another  under  given  conditions  of  temperature  and  pressure)  to  discover  the 
conditions  under  which  the  typical  mineral  assemblages  were  formed.  From 
their  experiments  they  have  established  that  the  same  magma  1X  could  yield 
alkaline  basalts  and  their  derivatives  if  fractionated  at  high  pressures  (greater 
than  20,000  atmospheres),  and  tholeiitic  basalts  if  fractionated  at  pressures  en- 
countered nearer  the  surface  of  the  earth.  They  therefore  postulate  that  one 
magma  fractionated  at  different  pressures  can  produce  the  two  principal  types 
of  basalt  encountered  in  the  earth's  crust.  These  different  pressures  would,  of 
course,  reflect  different  depths  of  origin  of  the  parent  liquids.  Other  experi- 
ments of  Yoder  and  Tilley  have  led  them  to  the  further  conclusion  that 
eclogites,12  assumed  to  be  a  precursor  of  the  basalts,  are  themselves  the  partial 
melting  product  of  a  more  primitive  rock,  presumably  peridotite. 

11  Liquid  molten  rock. 

12  A  dense  rock  equivalent  in  composition  to  basalt,  found  in  association  with  Russian  and 
South  African  diamond  pipes,  and  occurring  in  rocks,  elsewhere  on  the  earth's  surface,  thought 
to  originate  from  deeper  layers  of  the  earth's  crust. 
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These  experiments  of  Yoder  and  Tilley  cause  them  to  question  the  tradi- 
tional hypotheses  held  about  the  earth's  crust  in  depth.  One  basic  question 
relates  to  the  depth  of  formation  of  basalt  magmas,  postulated  by  seismologists 
as  between  50  and  100  kilometers.  Yoder  and  Tilley  point  out  that  the  minerals 
characteristic  of  basalt  are  not  stable  in  this  region.  A  second  question  relates 
to  the  nature  of  the  Mohorovicic  discontinuity 13  under  the  oceans  and  under 
continents.  They  conclude  that  the  theory  assigning  this  phenomenon  under 
the  oceans  to  the  transition  from  basalt  to  eclogite  is  not  supported  by  their 
experimental  data.  They  believe,  on  the  other  hand,  that  the  transition  zone 
between  the  two  rock  types  is  the  cause  of  the  Mohorovicic  discontinuity 
under  the  continents  and  may  be  very  gradual. 

In  the  interpretation  of  earth  structure  and  earth  crustal  processes  the  co- 
ordination of  field  observation  and  laboratory  research  is  necessary  for  the 
most  meaningful  advances.  The  Geophysical  Laboratory  has  been  continually 
alert  to  this  need.  The  alertness  is  well  illustrated  in  the  work  of  G.  Kullerud 
and  his  associates  during  the  year.  Kullerud  has  been  concerned  with  processes 
occupying  a  much  more  limited  volume  within  the  earth's  crust,  particularly 
those  forming  the  ore  minerals.  During  the  past  seven  years  a  series  of  high- 
pressure  high-temperature  experiments  has  produced  a  very  extensive  set  of 
data  on  the  phase  relations  for  all  the  more  common  sulfide-type  minerals, 
which  include  many  of  the  most  important  commercial  ores.  As  a  result,  the 
conditions  of  transition  from  one  mineral  to  another  within  the  sulfide  systems 
are  now  thought  to  be  relatively  well  understood.  The  next  step  in  the  study 
has  been  an  examination  of  the  assemblages  of  minerals  occurring  naturally  in 
typical  known  sulfide  ore  bodies.  For  this  purpose  visits  were  made  to  fifty-one 
mines  in  the  United  States  and  abroad  in  the  course  of  the  year. 

On  the  basis  of  the  observations  made,  the  problem  of  interpreting  the  proc- 
esses leading  to  the  formation  of  these  natural  mineral  assemblages  was  set.  It  is 
considered  that  such  investigations  can  provide  a  much  more  systematic  back- 
ground for  the  interpretation  of  ore  textures.  Studies,  representing  the  first 
systematic  investigation  of  its  kind,  are  now  being  commenced  on  the  copper- 
iron-sulfur  system.  Meanwhile  research  was  continued  during  the  year,  ex- 
tending knowledge  of  the  basic  phase  relations  of  free  mineral  systems  like 
copper-iron-oxygen  and  copper-sulfur-oxygen.  Study  is  also  under  way  on 
the  more  difficult  four-component  systems,  beginning  with  the  copper-iron- 
sulfur-oxygen  system. 

The  usefulness  of  ore-body  investigations  is  not  limited  to  the  regional  prob- 
lems connected  with  the  ore  bodies  themselves.   This  cardinal  fact  was  well 


13 


A  phenomenon  recorded  in  the  changing  speed  of  seismic  waves  at  certain  depths. 
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illustrated  this  year  by  the  work  of  B.  R.  Doe  of  the  Geophysical  Laboratory 14 
on  the  isotopic  composition  of  lead  from  potassium  feldspars.  Doe's  work  also 
well  illustrates  the  alertness  of  the  good  scientist  to  new  potential  tools  of 
interpretation.  It  had  previously  been  observed  that  potassium  feldspar  min- 
erals (common  constituents  of  granite  and  other  igneous  rocks)  have  a  struc- 
ture that  readily  accommodates  lead  but  discriminates  against  uranium  and 
thorium,  radioactive  elements  that  decay  into  lead.  Lead  in  the  potassium 
feldspars  has  essentially  the  isotopic  composition  of  the  lead  occurring  in  the 
surroundings  when  the  feldspars  were  crystallized.  This  phenomenon  was 
seen  as  a  potential  tool  for  the  study  of  sources  of  igneous  rocks  and  ores  de- 
posited from  water  solutions. 

To  examine  the  possibilities  and  limitations  of  the  tool,  Doe  set  himself  the 
problem  of  determining  the  conditions  under  which  lead  in  potassium  feldspars 
mixes  with  lead  from  outside  the  mineral.  Using  observations  made  in  field 
geology,  he  chose  for  his  study  feldspars  obtained  in  a  zone  of  contact  meta- 
morphism 15  of  the  Front  Range,  Colorado,  a  zone  of  regional  metamorphism 
in  the  Shenandoah  National  Park-Baltimore  region,  and  a  zone  of  granites 
structurally  concordant  with  surrounding  gneisses  in  New  York  State.  Avail- 
able also  for  his  study  were  investigations  of  the  isotopic  history  of  lead  sulfide 
ore  bodies  and  models  constructed  by  others  for  describing  the  orderly  changes 
of  lead  isotopes  during  geologic  history.  Study  of  the  feldspars  shows  that  in 
the  absence  of  metamorphism  their  lead  content  reflects  the  isotopic  composi- 
tion of  their  surroundings  at  the  time  they  were  crystallized.  On  the  other 
hand,  in  the  cases  of  mild  metamorphism  which  were  examined,  where  re- 
crystallization  probably  did  not  occur,  lead  from  outside  the  feldspar  entered 
it,  probably  from  minerals  closely  associated  with  the  feldspar.  These  last  re- 
sults were  of  a  complex  nature,  but  touch  upon  a  long-held  interest  of  the 
isotope  dating  group  as  a  whole. 

Complexity  in  interpreting  radioactive  mineral  tracers  where  metamorphism 
was  a  part  of  regional  geologic  history  has  been  a  problem  for  several  years 
for  the  cooperating  group  from  the  Department  of  Terrestrial  Magnetism  and 
the  Geophysical  Laboratory  investigating  the  radioactive  dating  of  ancient 
rocks  (L.  T.  Aldrich  and  S.  R.  Hart  of  the  Department  of  Terrestrial  Magnet- 
ism; G.  L.  Davis,  G.  R.  Tilton,  and  B.  R.  Doe  of  the  Geophysical  Laboratory). 
As  has  been  reported  in  previous  Year  Books,  "discordant"  age  determinations 
have  come  from  different  radioactive  minerals  (e.g.,  uranium-lead,  rubidium- 
strontium,  potassium-argon,  and  others)  in  zones  where  metamorphic  events 

14  In  collaboration  with  L.  T.  Aldrich  and  S.  R.  Hart  of  the  Department  of  Terrestrial 
Magnetism,  and  G.  L.  Davis  and  G.  R.  Tilton  of  the  Geophysical  Laboratory. 

15  Alteration  of  solid  rocks  by  contact  with  a  body  of  molten  rock.  Metamorphism,  generally 
defined,  is  the  change  of  a  solid  rock  into  another  type  of  rock  by  heat  or  pressure,  or  both. 
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had  taken  place.  Interpretation  of  these  discordant  determinations  limited  the 
use  of  dating  methods  in  metamorphic  areas.  During  the  year  these  scientists 
sought  improvement  of  their  technique  by  adding  new  indicator  minerals  for 
checking  the  effect  of  geologic  process  on  radioactive  ages.  This  was  under- 
taken in  part  by  careful  study  of  the  suitability  of  low-potassium  minerals  and 
in  part  by  intensive  study  of  mineral  ages  in  the  Colorado  Front  Range  contact 
metamorphic  zone  mentioned  above.  Previous  dating  methods  had  been  more 
or  less  limited  to  rocks  containing  mica.  Since  a  great  many  rocks  of  wide- 
spread occurrence  do  not  contain  mica,  but  do  contain  minerals  that  can  be 
dated  by  the  potassium-argon  method,  the  group  sought  to  establish  the  use- 
fulness of  that  method  in  low-potassium  minerals,  particularly  hornblendes. 
The  results  definitely  established  a  general  usefulness  of  these  minerals  in 
geologic  dating  and  special  application  to  the  geologic  history  of  areas  affected 
by  metamorphism. 

An  extremely  detailed  study  of  the  minerals  from  the  Colorado  zone  of 
contact  metamorphism  was  made,  carefully  correlating  laboratory  analysis  of 
the  minerals  and  field  study  of  their  location.  Included  was  an  interesting 
determination  of  radioactive  product  diffusion  within  individual  platelets  of 
mica  taken  from  the  rocks.  The  group  believes  that  separate  age  determina- 
tions of  the  central  and  external  parts  of  such  samples  can  be  used  to  differenti- 
ate true  original  age  and  the  period  since  metamorphism.  From  this  and  other 
results  they  conclude  also  that  the  role  of  temperature  in  producing  discordant 
radioactive  determinations  of  geologic  age  is  clearly  established.  They  confi- 
dently expect  that  further  laboratory  studies  of  diffusion  phenomena  within 
samples  of  individual  minerals  will  yield  quantitative  understanding  of  many 
metamorphic  processes.  With  it,  of  course,  will  come  a  much  more  reliable 
set  of  age  determinations  for  ancient  rocks. 

Relatively  little  is  known  about  another  important  subject  associated  with  the 
earth's  radioactivity:  the  flow  of  heat  from  the  earth's  interior  and  mantle 
through  the  crust  and  to  the  earth's  surface.  Primary  observations  have  been 
made  at  only  about  150  places  over  the  entire  surface  of  the  earth,  a  hundred 
of  them  at  oceanic  stations.  Only  five  have  been  made  for  the  United  States. 
Hence  one  of  the  greatest  needs  in  this  field  is  a  large  increase  in  the  number 
of  primary  observations.  Nevertheless,  S.  P.  Clark,  Jr.,  of  the  Geophysical 
Laboratory,  has  taken  advantage  of  the  few  observations  available,  knowledge 
of  thermal  conductivity  in  different  types  of  rocks,  and  observations  on  radio- 
activity, to  construct  a  working  concept  of  heat  flow  in  the  outer  mantle  and 
crust.  Development  of  his  concept  was  made  possible  technically  by  the  assist- 
ance of  a  high-speed  computer.  He  tested  three  sets  of  models  for  the  minimal 
and  maximal  heat  flows  observed  on  the  earth's  surface,  each  with  different 
sets  of  assumptions  about  the  rock  composition  of  the  outer  mantle  and  crust. 
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Clark  concludes  that  the  thermal  effects  now  observed  at  the  surface  of  the 
earth  are  directly  related  to  the  total  amounts  of  radioactivity  in  the  outermost 
few  hundred  kilometers  of  the  crust  and  mantle.  He  also  concludes  that  tem- 
peratures at  a  given  depth  beneath  the  continents  vary  widely  from  place  to 
place.  He  says  that  temperature  in  the  continental  crust  is  not  a  single-valued 
function  of  depth,  but  that  the  question  of  temperatures  at  depth  cannot  be 
answered  unless  heat  flow  at  the  surface  is  known  and  specified.  In  addition, 
he  concludes  that  there  is  a  large-scale  heterogeneity  in  the  distribution  of  the 
heat-producing  elements  uranium,  thorium,  and  potassium  in  the  earth's  crust. 
These  conclusions  are  of  much  interest  in  connection  with  other  conclusions 
mentioned  above  of  heterogeneity  in  the  earth's  crust  as  reasoned  from  other 
types  of  evidence.  Clark  notes  further  that  such  uneven  distribution  of  radio- 
active elements  would  raise  a  question  about  the  distribution  of  other  chemical 
elements.  Accurate  information  about  such  distributions  could  perhaps  shed 
new  light  on  the  evolution  of  the  earth's  crust.  Clark  concludes  his  report  by 
noting  that  hundreds  of  new  determinations  of  heat  flow  must  be  made  before 
the  basic  questions  with  which  he  is  concerned  can  be  properly  treated. 

As  was  noted  in  our  description  of  the  study  exploring  the  possibilities  of  a 
potassium  feldspar  tracer  for  tectonic  and  magmatic  events,  knowledge  of  fine 
structure  can  be  of  assistance  even  in  problems  bearing  on  the  large-scale  struc- 
ture of  the  earth.  Fine  structure  is  the  sphere  of  crystallography  and  petrog- 
raphy. But  these  fields  are  also  of  interest  in  their  own  right;  two  contributions 
from  them  during  the  year  were  noteworthy. 

We  reported  last  year  on  some  conclusions  of  Felix  Chayes's  interesting  ex- 
amination of  the  mathematics  of  closed  arrays  (e.g.,  tables  of  percentage  or 
proportion).  Closed  arrays  characterize  a  wide  range  of  phenomena  through- 
out the  natural  world.  They  are  particularly  important  in  petrography,  where 
statistical  relations  have  been  projected  for  many  associated  mineral  elements 
on  the  basis  of  observed  occurrence  and  standard  statistical  analysis.  In  last 
year's  report  Chayes  showed  that  the  expected  value  for  any  correlation  is 
(1  —  M)'1  in  a  closed  array  containing  M  variables  subject  to  a  common  variance. 
He  now  finds  that,  if  the  variance  value  of  one  of  the  variables  exceeds  that  of 
the  others,  the  negative  correlations  of  that  one  with  the  others  will  be  strength- 
ened, and  a  positive  correlation  may  be  forced  upon  the  nonunique  variables. 
If  the  unique  exceeds  the  common  variance  by  about  an  order  of  magnitude, 
the  relations  are  very  like  those  found  between  the  major  oxides  in  suites 
of  rock  analyses.  Chayes  goes  on  to  point  out  the  limitations  on  the  num- 
ber of  independent  comparisons  that  can  be  made,  forms  rules  for  selecting 
an  independent  statistical  set,  and  maintains  that  tests  of  statistical  signifi- 
cance must  be  confined  to  members  of  such  a  set.  Where  the  set  is  small, 
as  it  is  in  much  petrographic  work,  his  restrictions  will  be  important  to  accurate 
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interpretation.  There  is  no  independent  covariance,  for  example,  among  the 
very  commonly  occurring  three-element  sets  of  petrography. 

One  of  the  basic  problems  in  present-day  crystallography  is  the  relation  be- 
tween the  external  shape  of  crystals  and  their  interior  architecture.  The  poly- 
hedron bounding  a  developed  crystal  is  composed  of  symmetrical  assemblages 
of  similar  "faces."  There  are  well  recognized  systems  of  crystals,  like  the  cubic 
system  (bounded  by  a  cube,  like  the  crystals  of  common  salt),  but  within 
each  system  much  variation  can  occur.  For  example,  crystals  within  the  cubic 
system  may  have  a  tetragon-trioctahedron  shape,  as  garnets  do.  The  various 
forms  occurring  within  any  crystal  system  occur  with  different  frequencies. 
For  example,  forms  with  large  faces  (e.g.,  common  salt)  are  much  more  com- 
mon than  forms  with  small  faces. 

G.  Donnay  of  the  Geophysical  Laboratory  and  J.  D.  H.  Donnay  of  Johns 
Hopkins  University  report  some  special  progress  in  clarifying  these  relations. 
Many  questions  remained  unanswerable  under  the  previous  geometric  concept 
of  "crystal  structure."  The  Donnays  now  introduce  a  concept  of  "bond  assem- 
blage," in  which  the  morphology  of  a  crystal  system,  or  species,  is  controlled 
by  the  bonds  existing  between  "morphologically  significant"  atoms.  Con- 
versely, observations  on  the  relative  frequency  of  crystal  forms  appear  to  be 
capable  of  yielding  information  on  bonding  of  atoms  within  the  crystal.  Study 
of  the  mineral  columbite  [Fe(CbOs)2,  often  combined  with  manganese  and 
tantalum]  shows  the  bond  assemblage  theory  to  be  capable  of  answering  these 
questions.  Among  the  known  different  columbite  solid  solutions  nine  atomic 
parameters  of  thirteen  can  be  determined  from  the  morphology  of  the  crystal 
by  means  of  a  bond  assemblage  concept.  It  is  therefore  a  very  promising 
analytical  tool. 

The  last  general  question  about  the  earth's  crust  and  mantle  noted  as  a 
matter  of  geophysical  and  geological  interest  was  the  relation  of  geological 
materials  to  antecedent  life  forms.  This  has  been  a  subject  of  special  interest 
to  P.  H.  Abelson,  Director  of  the  Geophysical  Laboratory.  During  this  report 
year  Abelson  was  particularly  interested  in  the  study  of  the  stability  of  amino 
acids  in  a  chemical  environment  having  the  composition  of  once  living  matter. 
His  experiments  are  particularly  apt  illustrations  of  the  information  that  can 
be  extracted  about  inaccessible  events  by  the  skilled  experimenter.  For  his 
experiments  Abelson  used  the  alga  Chlorella  pyrenoidosa,  in  which  a  radioac- 
tive carbon  tracer  had  been  incorporated.  To  obtain  the  effects  of  protein  deg- 
radation which  took  place  in  fossils  over  a  long  period  of  time,  Abelson  sub- 
jected his  algae  to  wet  and  dry  incubations  at  elevated  temperatures  (170°C 
and  143°C).  He  found  that  exposure  to  temperatures  of  170°C  for  ten  days, 
or  of  143°  C  for  seventy  days,  degraded  the  original  amino  acid  content  of  the 
algae  to  a  composition  almost  identical  with  compositions  found  in  Miocene 
fossils  (age  25  million  years).  He  notes  from  his  experiments  that  the  limited 
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thermal  stability  of  amino  acids  sets  a  fundamental  boundary  to  the  survival 
of  intact  proteins.  Only  about  half  of  the  amino  acids  may  be  considered 
thermally  stable.  His  work  calls  for  justified  caution  in  estimating  the  poten- 
tial survival  time  for  nonmetabolizing  organisms  in  sedimentary  rocks,  and 
suggests  limitations  on  the  viability  of  organisms  elsewhere  in  the  solar  system. 
For  many  years  the  Department  of  Terrestrial  Magnetism  has  maintained 
a  program  of  observing,  investigating,  and  interpreting  electrical,  magnetic, 
and  cosmic-ray  phenomena  within  the  earth's  atmosphere  and  through  the 
immediate  surrounding  environment  of  our  planet.  In  a  sense  this  field  of 
study  has  been  a  transitional  one  between  the  geophysics  of  the  earth  and  the 
investigation  of  outer  space.  S.  E.  Forbush,  the  principal  investigator  in  this 
program,  joined  with  two  scientists  working  at  the  State  University  of  Iowa, 
D.  Venkatesan  and  C.  E.  Mcllwain,  to  investigate  a  subject  that  has  excited 
man's  curiosity  for  centuries — the  nature  of  the  aurora  borealis.  Data  obtained 
from  Explorer  VII  on  the  outer  Van  Allen  trapped-radiation  belt  suggested 
that  in  November  1959  the  belt  pierced  the  upper  atmosphere  of  the  earth. 
At  the  same  time  strong  auroral  activity  was  observed.  This  suggests  that 
auroral  particles  may  arise  in  the  outer  radiation  belt  and  affords  the  first 
true  working  hypothesis  of  the  origin  of  auroras.  Forbush  and  his  co-investi- 
gators commenced  a  study  during  the  year  to  determine  whether  there  was 
any  significant  statistical  relation  between  geomagnetic  activity,  including  the 
auroral  currents  in  the  ionosphere,  and  the  intensity  of  the  outer  Van  Allen 
belt  along  the  earth's  radius.  All  the  data  obtained  from  Explorer  VII  will 
be  used.  The  complexity  of  the  calculations  did  not  permit  completion  of 
the  study  by  the  end  of  the  year,  but  it  is  thought  that  final  analysis  of  the 
long  series  of  data  available  should  offer  a  much  better  understanding  of  the 
source  of  auroras  and  the  magnetic  storms  that  accompany  them. 

Unlike  the  scientific  fields  whose  activities  we  have  so  far  described,  as- 
tronomy is  not  basically  an  experimental  discipline.  To  be  sure,  astronomy 
has  employed  the  experimental  results  of  physics  liberally,  and  to  some  extent 
those  of  chemistry  as  well,  and  it  deals  with  the  entities  of  time,  distance, 
mass,  temperature,  and  physical  composition  that  are  familiar  in  other  physi- 
cal sciences.  But  the  content  of  outer  space  is  not  amenable  to  experiment. 
The  practice  of  astronomy  is  nonetheless  a  highly  quantitative  operation; 
indeed,  it  may  be  considered  along  with  physics  a  science  of  measurement  par 
excellence,  in  which  the  pressure  for  extreme  accuracy  is  always  intense.  The 
working  cycle  of  astronomy  is  one  of  primary  observation  and  hypothesis. 
Because  of  the  enormous  distances  involved  and  the  often  stringent  limitation 
of  observable  evidence  it  has  been  noted  that  astronomers  and  astrophysicists 
must  be  masters  of  the  art  of  inference.   But  even  more  this  working  cycle 
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demands  the  ultimate  in  precise  measurement — not  only  measurement,  but 
remeasurement. 

The  work  of  the  Mount  Wilson  and  Palomar  Observatories  continues  to 
stress  the  value  of  primary  observation  in  their  program.  The  observational 
nature  of  a  large  part  of  the  year's  astronomy  program  and  the  importance  of 
measurement  within  it  are  illustrated  by  a  list  of  some  of  the  subjects  of 
investigation  at  the  Observatories  during  1960-1961:  optical  identification  of 
radio  sources;  velocities  in  clusters  of  galaxies;  distance  to  the  center  of  our 
Galaxy;  determination  of  the  law  of  rotation  of  the  galaxy  NGC  4594;  prop- 
erties of  dwarf  elliptical  galaxies;  the  optical  spectrum  of  nonthermal  radio 
sources;  the  rate  of  star  formation;  the  frequency  of  metallic  binary  star 
occurrence;  the  distribution  of  stars  in  globular  clusters;  spectrographic  ob- 
servation of  low-luminosity  variable  stars;  restudy  of  the  luminosity  function 
for  stars;  re-examination  of  period-luminosity  and  period-color  relations  for 
classical  cepheid  stars,16  the  spectrographic  characteristics  of  long-period  vari- 
able stars;  observation  of  solar  magnetic  fields;  mapping  isotherms  on  the 
lunar  surface;  the  chemical  composition  of  interstellar  gas;  and  observations 
to  determine  changes  in  absolute  magnitude  caused  by  stellar  evolution  during 
the  travel  time  taken  by  observed  light  from  distant  galaxies. 

The  importance  of  remeasurement,  or  redetermination  of  certain  values,  in 
astronomy  was  illustrated  by  an  opportunity  exploited  at  the  Observatories 
during  the  year.  One  of  the  three  crucial  predictions  of  the  general  theory 
of  relativity  is  the  gravitational  redshift  (i.e.,  the  apparent  increase  in  wave- 
length of  light  leaving  a  star).  Technically  the  best  object  for  an  observational 
test  of  this  redshift  is  Sirius  B,  the  white  dwarf  companion  of  the  star  Sirius. 
Between  1915  and  1925  the  spectrum  of  Sirius  B  was  observed  on  Mount  Wil- 
son, and  a  shift  corresponding  to  20  kilometers  per  second  was  calculated. 
These  results  were  considered  uncertain  because  of  the  interference  of  scat- 
tered light  from  Sirius  itself.  The  best  time  to  observe  the  smaller  star  is  at 
the  period  of  maximum  separation  of  the  two.  This  time  is  again  approach- 
ing. In  the  period  since  the  earlier  observations  of  the  redshift  important 
advances  have  been  made  in  concepts  of  the  physical  state  and  structure  of 
white  dwarf  stars.  The  new  theory  predicted  a  radius  of  Sirius  B  one-third 
to  one-fourth  of  the  former  assumed  value,  and  a  redshift  at  least  three  times 
larger  than  the  earlier  calculation.  J.  L.  Greenstein  and  J.  B.  Oke  repeated 
the  redshift  measurements,  using  a  high-resolution  scanner  on  the  100-inch 
telescope  and  the  coude  spectrograph  on  the  200-inch  telescope — instruments 
that  were  not  available  at  the  time  of  the  1915-1925  observations.  They  found 
a  redshift  corresponding  to  50  kilometers  per  second.  A  confirmation,  there- 
fore, was  obtained  for  the  theory  developed  subsequent  to  the  first  observa- 
tions of  this  star. 

16  Stars  whose  light  emission  varies  in  a  definite  pattern  over  a  relatively  short  period. 
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Among  the  other  interesting  results  of  the  program  of  astronomical  ob- 
servations was  the  discovery  of  19  supernovae  by  F.  Zwicky  and  his  col- 
laborators, including  M.  L.  Humason,  who  discovered  12  of  them.  Super- 
novae  are  the  results  of  spectacular  and  cataclysmic  stellar  explosions  which 
occur  occasionally  in  the  universe.  Many  of  the  previous  preliminary  findings 
about  types  of  supernovae,  their  spectra,  frequency  of  occurrence,  and  light 
curves  were  confirmed  by  the  new  observations. 

Among  the  striking  events  in  the  astronomy  program  of  the  Institution 
reported  last  year  was  the  discovery  by  H.  W.  Babcock  of  the  strongest  mag- 
netic field  yet  observed  in  nature — the  field  of  the  star  HD215441.  This  star 
was  kept  under  observation  during  the  year,  and  an  effective  magnetic  field 
even  stronger  than  the  one  previously  observed  was  measured.  The  new 
determination  of  +35,700  gauss  sets  a  new  record  for  observed  magnetic 
fields. 

An  interesting  identification  of  a  new  celestial  object  was  stimulated  by  a 
search  for  optical  evidence  of  the  radio  source  3C48,  which  is  nearly  as  strong 
an  emitter  of  radio  waves  as  the  Crab  Nebula.  J.  Bolton,  T.  Matthews, 
J.  Greenstein,  G.  Munch,  and  A.  Sandage  identified  it  as  a  sixteenth-magni- 
tude star  having  a  very  faint  red  nebulosity.  The  star  shows  an  extraordinary 
spectral  emission.  Superposed  on  the  continuum  of  its  spectrum  are  uniden- 
tifiable broad,  shallow  absorption  lines  and  several  broad  emission  lines.  The 
star's  energy  distribution  in  the  ultraviolet,  the  violet,  and  the  blue  spectral 
regions  is  consistent  with  radio  and  optical  energy  produced  by  synchrotron 
radiation17  from  relativistic  electrons.18  It  is  believed  that  the  star  is  a 
remnant  of  a  very  old  supernova. 

An  excellent  example  of  the  working  cycle  in  astronomy  is  shown  in  results 
obtained  during  the  report  year  in  the  investigation  of  the  chemical  composi- 
tion of  stars,  nebulae,  and  other  objects.  This  study  has  formed  a  major 
project  at  the  Observatories  during  the  past  decade.  As  the  program  has 
proceeded,  more  and  more  objects  have  been  discovered  whose  chemical 
compositions  deviate  widely  from  those  of  the  sun  and  near-by  stars.  If  the 
composition  of  near-by  stars  be  taken  as  a  standard  for  comparison,  one  star 
(3  Centauri  A)  observed  during  the  current  year  by  J.  Jugaku  and  W.  L.  W. 
Sargent  has  four  times  the  abundance  of  iron,  five  times  the  abundance  of 
nitrogen,  one  hundred  times  the  abundance  of  phosphorus,  one  thousand 
times  the  abundance  of  krypton,  and  ten  thousand  times  the  abundance  of 
gallium.  On  the  other  hand,  oxygen  and  helium  are  deficient  in  this  star 
by  a  factor  of  6,  and  sulfur  by  a  factor  of  10.  Observations  also  show  that 
the  isotope  of  helium  of  mass  3,  rare  on  near-by  stars,  is  several  times  as 
abundant  on  3  Centauri  A  as  the  common  isotope  of  mass  4. 

17  Radiation  produced  by  the  acceleration  of  electrons  within  a  magnetic  field. 

18  Relativistic  particles  are  those  whose  velocities  approach  that  of  light. 
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Numerous  other  objects  showing  marked  anomalies  in  abundance  of  the 
chemical  elements  recently  have  come  to  light  in  these  studies.  Often  whole 
groups  of  stars  and  even  whole  galaxies  show  major  anomalies.  The  most 
common  deviation  involves  a  deficiency  in  the  heavy  elements,  including  the 
common  metals,  all  by  about  the  same  factor  below  their  abundance  in  the 
sun  and  near-by  stars.  This  phenomenon  is  of  great  practical  significance  in 
the  interpretation  of  astronomical  observations.  Where  there  is  an  "over- 
abundance" of  metals  the  energy  in  the  ultraviolet  end  of  stellar  spectra  will 
be  deficient  in  comparison  with  that  in  the  longer  wavelengths  by  an  amount 
depending  on  the  metal  abundance.  This  follows  from  the  fact  that  most  of 
the  strong  spectral  absorption  lines  of  the  metals  lie  in  the  ultraviolet. 

During  the  year  A.  R.  Sandage,  R.  L.  Wildey,  and  G.  R.  and  E.  M.  Burbidge 
undertook  observational  studies  of  this  ultraviolet  "blanketing"  to  relate  it 
quantitatively  to  metal  abundance  in  stars  of  various  temperatures.  Parallel 
theoretical  studies  were  made  by  R.  Cayrel  and  J.  Jugaku.  The  results  from 
the  two  sets  of  studies  should  make  it  possible  to  fix  metallic  abundance  in 
stars  without  detailed  spectroscopic  analysis.  Determination  of  metallic  abun- 
dance thus  may  be  possible  for  objects  too  far  and  too  faint  for  spectroscopic 
observation. 

These  observations  of  the  widespread  variation  in  the  abundance  of  chemical 
elements  among  the  stars  raise  many  questions  about  the  validity  of  some 
important  concepts  and  procedures  now  standard  in  astronomy.  One  such 
question  relates  to  the  concept  lying  behind  the  distance-indicator  method. 
Near-by  stars  are  measured  by  parallax:  the  angular  displacement  of  the 
observed  star  measurable  within  the  earth's  orbit.  Distance  to  all  more  re- 
mote stars  is  calculated  by  the  distance-indicator  method,  in  which  it  is 
assumed  as  a  cardinal  given  that  all  stars  of  a  particular  type,  such  as  cepheid 
variables  of  the  same  period,  have  the  same  luminosity.  Evidence  already 
has  been  obtained,  however,  suggesting  that  the  luminosity  of  some  distance 
indicators  varies  with  chemical  composition.  If  further  evidence  confirms 
these  observations  the  whole  procedure  of  distance  determination  will  require 
revision.  Ultraviolet-blue  visual  photometry  then  is  likely  to  play  a  vital 
role  in  a  new  procedure  because  of  its  ability  to  measure  the  composition  of 
very  faint  objects. 

Another  vivid  illustration  of  the  astronomer's  working  cycle  was  provided 
by  a  new  comprehensive  theory  of  the  solar  magnetic  cycle  announced  by 
H.  W.  Babcock  of  the  Observatories.  The  sun,  our  nearest  star,  has  had  an 
important  place  in  the  program  of  the  Observatories  since  their  founding. 
The  first  important  result  was  the  now  classic  discovery  of  the  magnetic 
nature  of  sunspots  by  George  Ellery  Hale  in  1908.  Since  that  time  the  funda- 
mental importance  of  magnetohydrodynamic  phenomena  in  the  sun  has  been 
universally  recognized.    However,  no  theory  that  has  met  with  wide  ac- 
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ceptance  has  yet  been  formulated  that  can  account  for  one  of  the  most  im- 
portant and  dynamic  series  of  events  on  the  sun,  the  sunspot  cycle.  This  cycle, 
of  course,  has  wide  and  ramifying  practical  significance  through  its  probable 
effects  upon  the  earth  and  its  atmosphere. 

From  the  observations  made  possible  by  the  new  solar  magnetograph,  de- 
veloped and  used  at  the  Observatories  by  Horace  W.  Babcock,  it  is  now  known 
that  the  large-scale  features  of  the  magnetic  pattern  of  the  sun  vary  sys- 
tematically. Working  from  these  clues,  Babcock  has  developed  a  theory  of 
the  sun's  field  which  postulates  differential  rotation  as  the  driving  source  of 
the  twenty-two-year  magnetic  cycle.19  The  more  rapid  rotation  of  the  sun 
in  its  lower  latitudes  is  thought  to  draw  internal  lines  of  force  into  a  spiral 
(or  toroidal)  field  that  encircles  the  sun  in  opposite  directions  in  its  northern 
and  southern  hemispheres.  The  theory  predicts  a  marked  dependence  of 
field  intensity  on  latitude.  As  a  result  of  this  dependence  the  field  becomes 
amplified  to  a  critical  value,  exhibiting  local  instabilities,  which  commence 
about  three  years  after  the  beginning  of  a  sunspot  cycle.  Unstable  "loops" 
are  formed,  and,  as  they  are  brought  to  the  surface  of  the  sun,  sunspots,  flares, 
plages,  prominences,  and  attendant  phenomena  appear.  After  such  an  insta- 
bility passes  the  critical  stage,  field  lines  may  loop  into  the  solar  atmosphere 
to  progressively  increasing  heights.  Eventually  detached  loops  of  low  intensity 
are  liberated,  to  drift  outward  with  the  tenuous  plasma  of  the  solar  corona, 
the  outermost  envelope,  which  may  extend  as  much  as  a  million  kilometers 
from  the  sun.  Such  loops  or  "bubbles,"  including  charged  particles  with  a 
wide  range  of  energy,  may  drift  outward  into  interplanetary  space.  Accord- 
ing to  Babcock's  theory,  toward  the  end  of  the  eleven-year  sunspot  cycle  (half 
the  magnetic  cycle)  the  residual  internal  field  lines  are  brought  again  into 
their  starting  configuration  by  differential  rotation,  but  with  reversed  mag- 
netic polarity. 

Babcock's  theory  accurately  accounts  for  a  number  of  solar  phenomena, 
including  the  recurrence  of  activity  in  preferred  longitudes  and  the  observed 
distribution  of  sunspots  in  latitude.  It  provides  a  significant  forward  step  in 
our  understanding  of  the  sun. 

Although  the  major  part  of  the  Institution's  efforts  in  astronomy  have  been 
devoted  to  optical  observation  and  associated  theoretical  studies,  it  has  not 
neglected  another  major  approach  to  astronomy,  the  study  of  radio  signals. 
This  field  is  very  much  in  the  stage  of  primary  observation.  A  major  problem 
is  the  refinement  of  positions  of  the  many  optically  unidentified  celestial 
sources  of  radio  emission.  Work  is  most  advanced  in  the  study  of  the  huge 
and  complex  pattern  of  spiraling  and  expanding  hydrogen  clouds  that  sur- 
round and  envelop  the  stars  of  our  own  Galaxy.    Intensive  study  of  these 

19  The  magnetic  cycle  covers  two  sunspot  cycles. 
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clouds  in  the  direction  of  the  galactic  anticenter  was  undertaken  during  the 
year.  Maps  were  constructed  that  contour  the  brightness  of  the  hydrogen 
clouds  in  terms  of  the  21-centimeter  emission  band  at  several  different  radial 
velocities.  The  enormous  mass  contained  in  these  clouds  is  illustrated  by  the 
estimate  of  B.  F.  Burke,  J.  W.  Firor,  and  M.  A.  Tuve  that  each  of  the  two 
relatively  very  small  detached  clouds  connected  with  the  star  associations 
I  Geminorum  and  Taurus  has  a  mass  of  20,000  solar  masses.  Through  studies 
such  as  these  the  Department  of  Terrestrial  Magnetism  reports  that  the  broad 
pattern  of  hydrogen  flow  through  the  galaxy  is  becoming  each  year  more 
confidently  visualized. 

A  striking  feature  of  the  whole  program  of  observations,  investigations,  and 
theoretical  considerations  that  has  been  described  and  reported  upon  thus  far 
is  the  motivation  underlying  it — a  motivation  arising  from  the  intellectual 
drive  to  advance  the  part  of  the  frontier  of  knowledge  that  is  being  attacked. 
The  only  social  or  practical  considerations  inherent  in  the  program  lie  very 
deep,  and  relate  to  the  social  value  intrinsic  in  all  advancement  of  knowl- 
edge. This  does  not  mean  that  the  staff  of  the  Institution  are  insensitive  to 
the  immediate  needs  of  the  society  in  which  they  live,  or  other  than  eager  to 
contribute  from  their  knowledge  toward  those  current  needs.  Indeed,  many 
among  the  Institution  staff  make  such  contributions  liberally  and  continu- 
ingly.  They  serve  on  numerous  committees,  contribute  advisory  assistance 
on  current  national  problems,  and  otherwise  serve  the  nation  and  the  world 
at  large.  Two  contemporary  illustrations  of  such  contributions  may  be  of 
interest. 

As  one  consequence  of  the  current  intense  national  interest  in  placing  a 
man  in  outer  space,  speculation  about  extraterrestrial  life  and  particularly 
about  the  possibility  of  the  existence  of  life  elsewhere  in  the  solar  system  has 
been  greatly  stimulated.  Elsewhere  in  this  report,  indeed,  mention  is  made 
of  W.  M.  Sinton's  extremely  suggestive  studies  of  the  reflection  spectrum  in 
the  infrared  region  from  Mars,  from  which  he  is  able  to  conclude  that  there 
is  strong  evidence  for  the  existence  of  organic  molecules  of  biological  origin 
there,  confirming  his  findings  of  1958.  Dr.  Abelson,  on  the  other  hand,  has 
this  year  conducted  a  systematic  survey  of  the  available  data  on  lunar  and 
planetary  environments,  and  matched  them  against  the  known  tolerances  and 
requirements  of  terrestrial  living  matter.  His  conclusion  is  less  affirmative 
than  Dr.  Sinton's. 

In  reporting  his  studies 20  Dr.  Abelson  describes  the  rather  narrow  condi- 
tions under  which  life  can  be  maintained,  discussing  the  destructive  effects 
of  heat  and  time  on  protein  and  amino  acid  stability,  the  rigid  requirement  of 

20  Extra-terrestrial  life,  Proc.  Natl.  Acad.  Sci.  U.  S.,  47,  575-581,  1961. 
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water  as  a  metabolic  reactant,  and  the  further  need  of  water  in  every  cell 
environment  for  the  quick  transfer  of  metabolites.  He  notes  further  that, 
although  life  as  we  know  it  appears  enormously  adaptable,  the  important 
basic  biochemical  features  of  bacterium  and  elephant  are  very  much  the  same. 
After  all,  as  he  says,  the  diversity  of  composition  of  amino  acids,  enzymes, 
and  nucleic  acids  among  the  known  forms  of  earthly  life  is  in  this  sense 
trivial.  He  concludes  that  adaptation  in  life  cannot  circumvent  thermal 
instability  or  chemical  thermodynamics. 

Turning  to  another  aspect  in  his  examination  of  the  conditions  limiting 
extraterrestrial  life,  Abelson  says  that  only  the  moon,  Venus,  and  Mars  can 
be  contemplated  as  possible  environments  for  life.  He  considers  the  moon 
to  be  particularly  unsuitable  to  life,  having  no  liquid  water  and  no  atmosphere, 
and  being  either  intensely  cold  or  at  temperatures  above  100°  C.  Temperatures 
at  the  surface  of  Venus  probably  are  on  the  order  of  300 °C,  a  temperature 
at  which  all  the  components  of  living  matter  would  be  degraded  in  a  very 
short  time.  Mars  has  a  very  thin  atmosphere,  which  probably  contains  about 
l/200th  as  much  water  as  the  earth's  atmosphere,  an  extremely  dry  condi- 
tion, inadequate  to  permit  life  as  we  know  it.  Dr.  Abelson  therefore  concludes 
that  "it  is  quite  unlikely  that  terrestrial-like  life  exists  on  the  moon,  Venus, 
or  Mars.  It  is  virtually  impossible  to  contaminate  these  bodies  by  organisms 
carried  from  earth."  We  cannot  be  certain  that  there  is  no  life  on  Venus  or 
Mars,  but  if  there  is,  it  is  not  our  kind  of  life.  For  these  reasons  he  believes 
that  space  biology  will  need  a  more  imaginative,  sophisticated  approach  than 
has  been  evident  thus  far. 

Another  departmental  Director  has  for  some  years  been  very  alert  to  the 
social  setting  in  which  his  scientific  investigation  is  undertaken.  Long  before 
the  present  expanded  national  interest  in  the  welfare  of  South  America, 
M.  A.  Tuve  of  the  Department  of  Terrestrial  Magnetism  was  stressing  the 
need  for  training  scientists  in  South  America,  and  was  encouraging  such 
training  both  within  the  Institution's  programs  and  through  other  means 
available  in  the  United  States.  The  undertaking  of  magnetic  and  seismic 
observations  in  Peru  many  years  ago  stimulated  local  interest  in  scientific 
geophysics  which  has  been  nourished  and  has  taken  firm  root.  Currently, 
Dr.  Tuve  and  his  colleagues  also  are  engaged  in  developing  facilities  and 
programs  in  radio  astronomy  in  South  America,  conducted  by  South  Ameri- 
cans trained  through  the  facilities  of  the  Institution.  A  project  supported 
cooperatively  by  the  Institution  and  the  National  Science  Foundation  is  pro- 
viding radio  astronomy  instruments  for  South  American  locations,  and  has 
permitted  seven  astronomers  from  four  Latin  American  countries  to  spend 
several  months  at  the  Department  of  Terrestrial  Magnetism  learning  the 
techniques  of  observation.  Because  of  the  dearth  of  astronomical  observing 
stations  in  the  southern  hemisphere  the  establishment  of  astronomical  com- 
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petence  in  South  America  is  scientifically  important.  Some  very  important 
celestial  observations  can  be  made  only  from  stations  in  the  southern  hemi- 
sphere. But  in  the  minds  of  Dr.  Tuve  and  his  colleagues  the  need  for  training 
scientists  in  South  America  is  a  very  important  motivation  in  the  program 
they  have  set  for  themselves. 

There  remain  for  brief  discussion  two  aspects  of  scientific  activity:  devel- 
opment of  the  instruments  and  tools  of  research,  and  scientific  communication. 

In  every  good  laboratory  there  is,  of  course,  an  almost  continuous  interest 
in  and  attention  to  the  development  of  more  sensitive  or  otherwise  more  ef- 
fective instruments  and  other  tools  of  research.  This  is  true  for  all  the 
laboratories  of  the  Institution.  Behind  almost  every  one  of  the  major  lines 
of  research  lies  continuous  developmental  attention  to  the  equipment  or  the 
materials  of  research.  Examples  are  the  high-temperature  high-pressure  equip- 
ment vital  to  much  of  the  experimental  program  in  the  Geophysical  Labora- 
tory, the  hydrogen-line  receiving  equipment  used  by  the  Department  of  Ter- 
restrial Magnetism  for  its  study  of  the  hydrogen  clouds  associated  with  our 
Galaxy,  the  Department  of  Plant  Biology's  derivative  spectrophotometer  for 
the  study  of  photosynthesis,  and  the  solar  magnetograph  used  by  the  Ob- 
servatories for  the  study  of  the  sun.  Frequently  the  development  of  both 
equipment  and  materials  requires  the  patience  of  years.  One  such  long- 
range  effort  is  the  program  of  developing  image  tubes  for  telescopes,  which 
we  have  reported  in  previous  years  and  which  deserves  further  mention  for 
its  progress  during  the  year. 

The  Committee  on  Image  Tubes  for  Telescopes,  of  which  M.  A.  Tuve  is 
Chairman,  has  now  been  at  work  for  seven  years.  On  this  project,  physicists 
and  astronomers  from  the  Institution  and  from  federal  agencies  have  been 
conducting  an  endeavor  which  makes  dramatic  use  of  the  remarkable  sensi- 
tivity of  modern  photoelectric  surfaces.  Photographic  emulsions  as  now  used 
in  astronomy  require  about  1000  quanta  of  light  per  grain  of  silver  halide.  A 
good  photoelectric  tube  yields  1  electron  per  10  or  fewer  quanta  of  light  energy 
absorbed.  There  is  thus  a  potential  gain  in  sensitivity  of  100  as  compared  with 
regular  photographic  procedures;  practically,  and  over  an  extended  range 
of  wavelengths  in  the  blue  and  visible  regions  of  the  spectrum,  the  gain  may 
be  more  like  40  or  50.  In  addition  to  achieving  a  maximum  gain  in  observa- 
tional sensitivity,  the  Committee  has  sought  the  development  of  tubes  that 
would  be  simple  to  use,  relatively  permanent  in  calibration,  and  generally 
available  to  astronomers.  Industrial  laboratories  have  cooperated  in  this  effort, 
and  it  has  been  aided  by  a  grant  from  the  National  Science  Foundation. 

During  the  year  prototype  image  tubes  became  available  for  tests,  and  they 
have  shown  themselves  to  be  promising  tools  for  many  fields  of  astronomical 
research.  Employing  magnetic  focusing  and  fine-grain  phosphors  of  high 
resolving  power,  three  types  of  image  tubes  can  now  be  manufactured  which 
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provide  a  useful  gain  in  sensitivity  by  a  factor  of  10  or  more  over  traditional 
photographic  methods.  These  prototype  tubes  have  been  strikingly  successful 
in  aiding  spectroscopic  research  and  the  investigation  of  double  stars.  The 
initial  manufacture  of  the  tubes  in  modest  numbers  is  being  planned  for  the 
coming  year. 

The  value  of  continuous  improvement  in  instrumentation  also  was  well 
illustrated  in  improvements  to  more  traditional  astronomical  equipment.  The 
installation  during  the  year  of  new,  highly  stable  amplifiers  at  a  new  record- 
ing circuit  on  the  solar  magnetograph  at  the  Mount  Wilson  Observatory  now 
makes  possible  daily  scans  of  the  magnetic  state  of  the  sun,  providing  a 
record  that  contains  the  astonishing  total  of  more  than  200,000  bits21  of 
information.  A  new  procedure  for  aluminizing  the  200-inch  mirror  of  the 
Hale  telescope  on  Palomar  Mountain  was  also  developed  during  the  year. 
This  procedure  was  successful  enough  so  that  the  200-inch  mirror  achieved 
a  reflecting  power  of  92  per  cent  of  the  incident  light,  in  comparison  with 
the  70  to  85  per  cent  obtained  by  the  older  procedure.  The  efficiency  of  the 
mirror  in  faint  light  is  thereby  correspondingly  improved. 

It  would  be  impossible  to  conclude  this  vignette  of  scientific  life  and  of 
activity  in  the  Institution  without  some  description  of  the  attention  paid  to 
problems  of  scientific  communication.  The  amount  of  time  spent  by  scientists 
on  such  effort,  and  its  importance  to  them,  are  not  commonly  realized.  A 
significant  part  is  achieved  through  periodicals,  although  symposia  and  con- 
ferences play  extremely  important  roles.  Books,  book  chapters,  encyclopedia 
articles,  lectures,  and  mimeographed  papers  all  have  places  in  this  effort. 
Equally  important  are  the  residence  of  investigators  from  the  Institution  for 
varying  periods  of  time  in  laboratories  elsewhere,  and  the  residence  of  visiting 
scientists  in  our  own  laboratories. 

During  the  year  167  Staff  Members  and  Fellows  of  the  Institution  pro- 
duced a  total  of  199  periodical  articles  which  were  published  in  87  different 
journals  within  the  United  States  and  in  other  countries.  In  addition,  there 
were  31  book  chapters  or  encyclopedia  articles,  and  7  books  were  either 
written  within  or  published  by  the  Institution.  The  leading  geophysical 
journal  in  the  western  world,  fostered  by  the  Institution  over  a  half  century, 
still  receives  decisive  editorial  guidance  and  technical  assistance  from  it.  Among 
the  books  published  was  the  magnificent  Hubble  Atlas  of  Galaxies,  com- 
pleted by  Allan  Sandage  of  the  Observatories.  Another  interesting  book  came 
out  in  its  seventh  edition  during  the  year:  the  Drosophila  Guide,  prepared 
for  introductory  instruction  in  genetics  and  cytology.  Since  1935  more  than 
57,000  copies  of  the  Guide  have  been  distributed.  It  has  undoubtedly  had  an 

21  "Bit"  is  a  contraction  of  "binary  digit"  in  the  binary  number  system;  thus:  "0"  or  "1";  also 
a  postition  in  any  binary  coded  number  or  alphabetical  character  representation. 
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important  influence  in  stimulating  high  school,  college,  and  university  interest 
in  genetics  study  in  this  country  and  abroad. 

The  Institution  either  conducted  or  shared  in  supporting  four  special  con- 
ferences or  symposia  during  the  year.  This  does  not  include  the  normal 
seminar  meetings  conducted  by  almost  every  department  with  invited  guest 
speakers.  An  example  of  the  type  of  subject  chosen  for  the  special  seminars 
was  the  Woodring  Symposium  on  Major  Biologic  Innovations  and  the  Geo- 
logic Record  held  at  Big  Meadows  Lodge,  Virginia,  in  June  of  this  year  and 
organized  by  a  Committee  chaired  by  P.  H.  Abelson  of  the  Geophysical 
Laboratory.  The  general  subject  was  the  origin  and  evolution  of  life  in  the 
light  of  recent  developments  in  several  scientific  fields,  including  inorganic 
synthesis  of  materials  having  biologic  interest,  nuclear  dating  methods,  the 
discovery  of  Precambrian  and  other  fossil  algae,  bacteria,  and  molds,  and  re- 
cent findings  in  the  comparative  biochemistry  of  organisms.  Twenty-three 
biologists  and  geologists  attended.  A  resume  of  the  proceedings  of  the  three- 
day  conference  is  in  publication. 

The  relative  freedom  of  Institution  Staff  Members  from  fixed  obligations 
encourages  cooperative  arrangements  with  colleagues  throughout  the  world 
that  are  extremely  productive  of  informational  exchange  at  a  time  when  it  is 
most  needed.  The  extent  to  which  this  opportunity  is  seized  is  well  illustrated 
in  the  work  of  the  Biophysics  Section  at  the  Department  of  Terrestrial  Mag- 
netism. During  the  year  the  scientific  personnel  of  the  Section  included  five 
Staff  Members  and  two  Fellows.  Cooperative  experiments  were  carried  out 
by  this  group  with  four  other  investigators  at  other  United  States  laboratories, 
and  continued  collaboration  was  maintained  in  a  general  research  program 
with  four  others  at  two  different  institutions.  Nine  investigators  from  four 
countries  worked  for  varying  periods  of  time  at  the  laboratory  of  the  Bio- 
physics Section.  Members  of  the  Biophysics  Section  staff  spent  extended 
periods  in  other  laboratories,  including  those  in  New  Zealand,  Denmark,  and 
South  America. 

That  this  experience  was  not  unrepresentative  of  the  Institution  is  indicated 
by  the  record  at  the  Department  of  Embryology,  which  was  host  during  the 
year  to  35  investigators  from  15  countries,  and  at  the  Observatories,  which 
managed  to  find  observational  time  for  23  investigators  from  institutions  in 
Rwt  different  countries. 

Taken  in  sum,  this  not  unusual  year  at  the  Institution  has  left  an  interest- 
ing and  representative  record  of  the  devotion  and  ingenuity  of  the  scientist  at 
work,  and  the  penetration  of  the  general  methods  he  uses.  It  also  reminds  us 
that  the  good,  and  even  the  best,  is  often  unassociated  with  the  spectacular. 
The  best,  of  course,  is  typically  totally  selfless.  Indeed,  much  of  the  work  and 
many  of  the  workers  have  had  to  remain  unnamed  in  this  summary  because 
of  the  restrictions  of  space.    From  the  testimony  of  all  this  work  we  can 
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enthusiastically  agree  with  another  observer  of  science  that  "we  are  watching 
at  least  one  aspect  of  the  human  mind,  which  may  be  believed  to  have  a 
future  of  dizzy  heights  and  nearly  unlimited  perfectibility." 
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Losses  •   •   • 

It  is  always  a  matter  of  keen  regret  to  have  to  report  the  loss  by  retirement 
of  some  senior  Staff  Members  of  the  Institution.  The  losses  this  year  include 
Dr.  James  H.  C.  Smith,  for  thirty-five  years  an  investigator  in  the  Department 
of  Plant  Biology,  and  Paul  A.  Scherer,  Executive  Officer  from  March  1,  1947, 
to  January  31,  1960,  both  of  whom  retired  on  June  30, 1961. 

Dr.  James  H.  C.  Smith  came  to  the  Institution  on  July  1,  1927,  from  Pomona 
College,  where  he  had  been  Associate  Professor  of  Chemistry.  Dr.  Smith's 
series  of  studies  in  the  chemistry  of  photosynthetic  materials  has  brought  him 
world-wide  recognition  as  an  authority  on  plant  pigments.  He  has  made 
important  contributions  to  the  understanding  of  the  physical  properties  and 
chemical  structures  of  the  carotenoid  pigments  in  plants.  He  is  best  known 
for  his  work  on  protochlorophyll,  the  precursor  of  chlorophyll  in  leaves.  He 
was  successful  in  isolating  from  dark-grown  leaves  the  protochlorophyll  holo- 
chrome,  which  permitted  the  transformation  of  protochlorophyll  to  chloro- 
phyll to  be  studied  outside  the  leaf  for  the  first  time.  After  identifying  the 
holochrome  as  a  protein  particle  Dr.  Smith  developed  methods  for  the  isola- 
tion and  purification  of  the  particle  and  studied  its  physical  and  chemical 
properties.  In  this  year's  report  an  account  is  given  of  his  latest  achievement, 
which  includes  a  new  determination  of  its  molecular  weight.  Dr.  Smith's 
work  has  brought  significant  advances  in  our  knowledge  of  the  photosyn- 
thetic mechanism  of  plants.  The  Institution  is  fortunate  that  he  will  continue 
his  research  at  the  laboratory  of  the  Department  during  the  coming  year. 

Paul  A.  Scherer,  Executive  Officer  from  March  1,  1947,  to  January  31,  1960, 
and  Staff  Member  from  February  1,  1960,  to  June  30,  1961,  came  to  the  Insti- 
tution after  several  years  in  the  Office  of  Scientific  Research  and  Development, 
which  he  joined  in  1943  as  Chief  of  the  Engineering  and  Transition  Office. 
The  function  of  this  office  was  to  ensure  early  field  use  of  weapons  developed 
by  the  National  Defense  Research  Committee.  To  Mr.  Scherer  belongs  a  sub- 
stantial share  of  the  credit  for  the  speed  with  which  the  weapons  and  devices 
developed  under  the  OSRD  research  program  went  into  production  and  use. 

A  consulting  engineer  of  wide  experience,  particularly  in  the  field  of  heat 
transfer  and  refrigeration,  Mr.  Scherer  was  before  the  war  a  consultant  in  the 
design  and  construction  of  the  Dallas  plant  of  North  American  Aviation,  and 
thereafter  was  associated  with  AiResearch  Manufacturing  Company  of  Los 
Angeles  as  director  of  research,  working  on  heat-transfer  problems  for  air- 

22  Svein  Rosseland,  Theoretical  Astrophysics,  Oxford  University  Press,  New  York,  p.  xi,  1936. 
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craft  and  developing  equipment  for  use  on  heavy  bombers  and  fighters.  Dur- 
ing his  service  with  the  OSRD  he  also  acted  as  consultant  to  the  20th  Air 
Force  on  defrosting  problems. 

As  Executive  Officer  Mr.  Scherer  rendered  distinguished  service  to  the 
Institution  under  two  Presidents.  He  is  now  Associate  Director  (Adminis- 
tration) for  the  National  Science  Foundation. 

It  is  with  a  deep  sense  of  loss  to  the  Institution  that  I  record  the  deaths  of 
an  active  member  of  the  Board  of  Trustees,  Mr.  James  F.  Bell,  and  a  retired 
Staff  Member  of  the  Observatories,  Dr.  Paul  W.  Merrill. 

The  Institution  lost  a  distinguished  member  of  its  Board  of  Trustees  with 
the  death  of  Mr.  James  F.  Bell  on  May  7,  1961.  Mr.  Bell's  long  service  as  a 
Trustee  began  with  his  election  to  the  Board  on  December  31,  1935.  From 
1939  to  1947  he  was  a  member  of  the  Board's  Standing  Committee  on  Bio- 
logical Sciences.  For  three  years,  from  1948  to  1951,  he  served  on  the  Nomi- 
nating Committee;  and  from  1948  until  his  death  he  was  a  member  of  the 
Committee  on  Archaeology  (prior  to  1950  the  Committee  of  Historical 
Research). 

Mr.  Bell's  wide-ranging  interests  and  intense  public  spirit  underlay  much 
time  and  thought  given  to  a  number  of  national  and  community  endeavors. 
During  the  first  World  War  he  served  in  the  United  States  Food  Administra- 
tion as  Chairman  of  the  Milling  Division  and  later  as  Treasurer  and  General 
Manager  of  the  United  States  Sugar  Equalization  Board.  He  was  at  various 
times  a  Trustee  of  the  Dunwoody  Industrial  Institute  of  Minneapolis,  Regent 
of  the  University  of  Minnesota,  and  Vice-President  and  Trustee  of  the  Minne- 
apolis Society  of  Fine  Arts.  His  service  in  the  first  World  War  was  recognized 
by  the  French  Government  with  its  Order  of  the  Crown.  In  1953  he  gave 
to  the  Library  of  the  University  of  Minnesota  the  James  Ford  Bell  Room  and 
his  rich  collection  of  manuscripts  and  first  editions  relating  to  the  early 
voyages  and  explorations  of  European  expansion. 

Mr.  Bell's  interest  in  research  led  the  General  Mills  company  into  the  fields 
of  both  chemistry  and  mechanics.  During  World  War  II  the  company  di- 
rected its  attention  not  only  to  food  production  but  also  to  the  manufacture  of 
defense  machines,  industrial  chemicals,  polyethylene  balloons,  and  precision 
instruments. 

The  Trustees  and  Officers  of  the  Institution  will  miss  his  wise  and  helpful 
counsel. 


Dr.  Paul  W.  Merrill,  a  leading  authority  on  spectrum  analysis,  died  in  Los 
Angeles  on  July  19,  1961.  He  joined  the  Institution  staff  at  the  Mount  Wilson 
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Observatory  on  January  1,  1919,  and  for  more  than  forty  years  conducted 
research  in  stellar  spectroscopy,  emphasizing  the  study  of  long-period  variable 
stars.  His  Spectra  of  Long-Period  Variables,  published  in  1940,  is  a  classic 
in  its  field.  Dr.  Merrill's  outstanding  research  in  the  field  of  astronomy  was 
recognized  by  his  election  to  the  National  Academy  of  Sciences  in  1929  and 
by  the  Academy's  award  of  the  Draper  Medal  to  him  in  1946.  The  same  year 
he  was  presented  with  the  Catherine  Wolfe  Bruce  Gold  Medal  by  the  Astro- 
nomical Society  of  the  Pacific.  Perhaps  his  most  significant  single  discovery 
was  made  in  1952,  when  he  found  lines  of  technetium  (a  radioactive  element 
not  existing  naturally  on  earth)  in  the  spectra  of  stars  of  spectral  type  S 
(stars  rich  in  oxygen,  and  with  a  prominent  zirconium  oxide  spectral  band). 
After  his  retirement  on  September  1,  1952,  Dr.  Merrill  continued  his  re- 
search at  the  Observatories,  lecturing  and  writing  almost  to  the  time  of  his 
death.  Always  alert  to  new  developments,  he  spent  much  of  June  1961 
working  at  Lowell  Observatory  with  the  Committee  on  Image  Tubes  for 
Telescopes,  guiding  and  evaluating  the  application  of  the  prototype  tubes  to 
stellar  spectral  observation.  His  encouragement  to  younger  men  on  that  occa- 
sion is  most  gratefully  remembered  by  the  Committee. 

•   •   •  and  Gains 

It  is  with  great  pleasure  that  I  report  the  honors  that  have  come  during  the 
current  year  to  Staff  Members  of  the  Institution. 

Perhaps  the  most  unusual  among  these  was  the  award  of  the  honorary 
degree  of  Doctor  of  Laws  to  Merle  A.  Tuve,  Director  of  the  Department  of 
Terrestrial  Magnetism,  by  Carleton  College  at  Northfield,  Minnesota.  De- 
grees were  awarded  to  Dr.  Tuve  and  to  his  two  brothers  and  sister  in  a  single 
ceremony  that  may  be  unique  in  academic  history.  George  L.  Tuve,  Chair- 
man of  the  Department  of  Mechanical  Engineering  at  the  Case  Institute  of 
Technology,  was  awarded  the  Doctorate  of  Science;  Richard  L.  Tuve,  of  the 
United  States  Naval  Research  Laboratory,  Anacostia,  was  also  made  Doctor 
of  Science;  Dr.  Rosemond  Tuve,  Professor  of  English  at  Connecticut  College, 
was  made  Doctor  of  Letters.  The  Institution  is  privileged  indeed  in  its 
association  with  this  extraordinary  family. 

Dr.  Richard  B.  Roberts,  Chairman  of  the  Biophysics  Section  of  the  Depart- 
ment of  Terrestrial  Magnetism,  was  elected  a  member  of  the  National  Academy 
of  Sciences.  During  the  year  Dr.  Scott  E.  Forbush,  of  the  same  Department, 
was  awarded  the  Charles  Chree  Medal  and  Prize  of  the  Physical  Society  of 
London  for  his  work  on  cosmic  radiation. 

Dr.  Berwind  P.  Kaufmann,  Acting  Director  of  the  Department  of  Genetics, 
was  elected  President  of  the  Genetics  Society  of  America  for  1961.  Dr.  James 
D.  Ebert,  Director  of  the  Department  of  Embryology,  was  elected  a  Fellow 
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of  the  International  Institute  of  Embryology;  he  was  also  elected  Vice- 
President  for  the  coming  year  at  the  American  Institute  of  Biological  Sciences. 
At  the  Mount  Wilson  and  Palomar  Observatories  Dr.  Rudolph  L.  Min- 
kowski, Staff  Member  retired,  was  awarded  the  Catherine  Wolfe  Bruce  Gold 
Medal  of  the  Astronomical  Society  of  the  Pacific  for  his  distinguished  services  to 
astronomy.  Dr.  Halton  C.  Arp  received  the  Helen  B.  Warner  Prize  of  the 
American  Astronomical  Society  for  outstanding  research  by  a  young  member 
of  the  Society. 
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INTRODUCTION 

Two  of  the  Observatories'  most  distin-  eda  (4  fields),  NGC  185,  and  the  dwarf 
guished  staff  members  in  the  first  half-cen-  systems  in  Draco,  Ursa  Minor,  and  Leo  II. 
tury  of  operation  were  Edwin  Hubble  and  In  general,  Baade  obtained  approximately 
Walter  Baade.  These  two  astronomers  100  plates  of  each  field  at  time  intervals 
were  responsible  for  much  of  our  present  suitable  for  a  study  of  the  light  curves  of 
knowledge  about  galaxies,  their  distances,  variables.  Plates  in  two  or  more  colors, 
sizes,  structures,  and  stellar  contents.  Un-  along  with  photometric  calibrations,  were 
fortunately  both  men  died  suddenly,  leav-  also  made  for  the  construction  of  color- 
ing a  large  mass  of  unpublished  work.  magnitude  diagrams  and  luminosity  func- 

Two  major  projects  for  the  completion  tions  of  the  stars  contained  in  each  object, 
and  publication  of  this  material  have  made  About  20  plates  each  of  NGC  6822  and  the 
significant  progress  this  year.  The  first  Sextans  system  were  also  obtained.  Baade 
of  these  projects  was  the  Hubble  Atlas  of  had  planned  these  observations  to  provide 
Galaxies.  Before  his  death  in  1953,  Hubble  the  data  for  studies  of  the  stellar  content 
had  nearly,  completed  a  new  and  extended  and  age  of  the  galaxies,  and  for  the  de- 
classification of  galaxies.  Dr.  Sandage,  termination  of  the  distances  of  these  ob- 
who  had  been  Hubble's  student,  was  asked  jects,  which  is  the  first  step  in  the  general 
to  complete  the  classification,  write  up  the  distance  scale  problem, 
criteria  for  inclusion  in  each  class,  and  For  most  of  the  objects  Baade  had 
select  the  photographs  of  galaxies  to  illus-  blinked  a  number  of  pairs  of  plates  and 
trate  the  various  classes.  It  was  planned  had  noted  variables  and  other  features, 
that  the  Atlas  would  be  published  as  a  In  Draco  and  in  three  fields  of  Andromeda 
memorial  to  Hubble.  In  order  that  the  fine  Miss  Swope  has  measured  the  magnitudes 
details  of  the  structures  of  the  galaxies  be  of  variables  on  nearly  all  plates  and  has 
reproduced  with  the  highest  possible  fidel-  drawn  light  curves  and  determined  periods, 
ity,  a  thorough  investigation  of  various  She  has  also  constructed  color-magnitude 
half-tone  and  gravure  processes  was  made  diagrams  and  determined  luminosity  func- 
by  the  publications  office  of  the  Institution,  tions. 

After  many  trials  a  half-tone  process  with  As  a  result  of  his  early  investigations  of 

a  300-line  screen  was  selected,  and  the  Atlas  the  Andromeda  galaxy,  made  with  the  100- 

was  published  in  the  spring  of  1961   as  inch  during  World  War  II,  Baade  had  in- 

Publication  618  of  the  Institution.  It  con-  troduced  the  very  important  concept  of 

tains   176  photographs  of  galaxies  taken  stellar  populations.  After  the  war,  further 

chiefly  with  the   100-  and  200-inch  tele-  very  extensive  studies  of  the  stellar  content 

scopes.  of  clusters  and  of  galaxies  were  carried 

The  second  project  is  the  completion  of  out   by   Baade,   his   students,   and   many 

the  assessment  and  the  publication  of  the  others.    Under  this  intensive  study  ideas 

very  large  number  of  observations  made  changed  rapidly,  and  the  differences   in 

by  Baade  before  his  retirement  in   1958,  population  type  began  to  be  interpreted 

which  was  followed  by  his  death  two  years  in  terms  of  stellar  age  and  chemical  compo- 

later.    Starting  in  the  mid-1930's,  Baade  sition.    While    these    investigations    have 

had  carried  out  investigations  of  various  greatly  advanced  our  knowledge  of  the 

near-by  galaxies,  such  as  Andromeda  and  ages  of  groups  of  stars  and  of  stellar  evolu- 

IC  1613.  With  the  completion  of  the  Hale  tion,  they  have  raised  many  questions  as 

telescope  in  1949,  Baade  used  it  for  a  long  to  the  precision  of  the  distance  indicator 

series  of  observations  of  a  number  of  gal-  method  for  fixing  the  distances  of  galaxies, 

axies  in  the  local  group,  including  Androm-  and  a  thorough  re-evaluation  of  the  method 
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appears  to  be  called  for  before  it  can  be 
refined  for  more  exact  measurements. 

Baade  was  always  very  cautious  about 
drawing  conclusions  from  doubtful  or  in- 
sufficient evidence.  The  uncertainties  and 
rapid  changes  in  outlook  in  these  fields 
in  the  fifteen  years  following  the  war 
caused  him  to  delay  publication  of  most  of 
his  observations  in  the  hope  that  more 
definite  interpretations  would  soon  become 
possible.  Because  of  the  exceptional  care 
and  skill  used  by  Baade  in  making  these 
observations,  however,  it  is  of  the  greatest 
importance  that  his  basic  observational  re- 


sults be  made  available  to  other  workers 
in  the  field,  even  though  final  interpreta- 
tions may  have  to  await  clarification  of 
many  points  that  are  still  doubtful.  The 
first  of  the  articles,  the  one  containing  the 
Draco  observations,  was  completed  just  be- 
fore the  end  of  the  report  year  by  Miss 
Swope.  It  is  hoped  that  another  year  will 
see  several  more  of  Baade's  programs  ready 
for  publication.  Baade's  close  friend,  Pro- 
fessor J.  H.  Oort,  of  the  Leiden  Observa- 
tory, has  given  valuable  advice  and  assist- 
ance in  assembling  Baade's  notes  and  other 
material. 


OBSERVING  CONDITIONS 


For  the  third  time  since  1947,  it  is  neces- 
sary to  report  that  the  precipitation  on 
Mount  Wilson  for  the  preceding  year  was 
the  lowest  on  record,  the  1960-1961  rain- 
fall having  been  only  12.27  inches.  Indeed, 
the  average  precipitation  in  the  past  14 
years  has  been  only  26.62  inches  as  com- 
pared with  an  average  of  38.10  inches  for 
the  43  years   before   1947.    On   Palomar 


Mountain  the  long  period  of  subnormal 
rainfall  so  depleted  the  water  supply  that 
an  additional  well  had  to  be  drilled  and 
connected  to  the  water  system  in  the 
spring  of  1961. 

Solar  observations  were  made  on  348 
days,  and  observations  were  made  on  313 
nights  with  the  100-inch  and  on  254  nights 
with  the  60-inch  telescope. 


SOLAR  OBSERVATIONS 


Solar  Photography 

Solar  observations  were  made  by  Cragg 
and  Hickox.  The  number  of  photographs 
of  the  various  kinds  taken  between  July  1, 
1960,  and  June  30,  1961,  were  as  follows: 

Direct  photographs  688 

Ha  spectroheliograms,  60-foot  focus  80 

Ha  spectroheliograms,  18-foot  focus  1036 

K2  spectroheliograms,  18-foot  focus  932 

K  prominences,  18-foot  focus  687 

Magnetograms  254  * 

*  Number  of  days  on  which  magnetograms 
were  obtained. 

The  13-foot  spectroheliograph  in  the  60- 
foot  tower  underwent  more  modification, 
but  required  little  cessation  of  operations. 

Solar  Activity 

The  magnetic  classification  and  the  study 
of  sunspots  and  related  phenomena  have 


been  continued  by  Cragg.  Cooperative 
programs  have  been  carried  out  with  the 
Observatory  of  Kodaikanal  and  the  Meu- 
don  Observatory.  During  the  calendar 
year  1960,  solar  observations  were  made 
on  337  days,  on  none  of  which  was  the  sun 
without  spots.  The  total  number  of  sun- 
spot  groups  observed  in  1960  was  543, 
compared  with  818  in  1959  and  910  in 
1958.  The  northern  hemisphere  has  con- 
tinued to  be  the  more  active,  having  had 
328  groups  while  the  southern  hemisphere 
had  only  215.  The  northern  hemisphere 
has  been  the  more  active  thus  far  this 
cycle. 

No  group,  lasting  two  or  more  days, 
farther  than  40°  from  the  equator  was  ob- 
served in  1960.  The  34  such  groups  ob- 
served so  far  will  probably  be  the  total 
for  this  cycle.  From  1874  to  1944  only  4 
such  groups  were  recorded  in  the  Green- 
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wich  Photohelio graphic  Results,  8  were  ob- 
served during  the  last  cycle  (1944-1954), 
and  34  during  this  cycle. 

Monthly  means  of  the  number  of  groups 
observed  per  day  for  the  past  2%  years  are 
shown  in  table  1. 

TABLE  1 


Dail 

y  Number  of  Sunspot 

Groups 

Month 

1959 

1960 

1961 

January 

173 

12.8 

4.3 

February 

11.2 

7.8 

4.5 

March 

15.1 

8.9 

5.0 

April 

13.9 

8.8 

5.3 

May 

13.5 

9.7 

4.9 

June 

15.2 

10.7 

5.3 

July 

12.6 

8.9 

August 

15.2 

8.5 

September 

12.2 

10.5 

October 

9.8 

7.2 

November 

9.9 

8.0 

December 

10.1 

7.9 

Yearly  mean 

13.0 

9.1 

Magnetic  Polarities 

Magnetic  polarities  in  each  spot  group 
have,  if  possible,  been  measured  at  least 
once.  The  classification  of  groups  observed 
between  July  1,  1960,  and  June  30,  1961,  is 
indicated  in  table  2.   "Regular"  groups  in 


TABLE  2 

Hemisphere 

Regular 

Irregu 

lar 

Unclassified 

North 
South 

Whole  sun 

136 
99 

235 

2 
6 

8 

98 
76 

174 

the  northern  hemisphere  are  those  in  which 
the  preceding  members  have  N  (north- 
seeking)  polarity;  in  the  southern  hemi- 
sphere the  polarities  are  reversed. 

Solar  Magnetic  Fields 

Since  the  discovery  of  the  magnetic  na- 
ture of  sunspots  by  George  E.  Hale  in  1908, 


the  fundamental  importance  of  magneto- 
hydrodynamic  phenomena  in  the  physics 
of  the  sun  has  gradually  come  to  be  ap- 
preciated. As  yet,  however,  there  has  been 
no  wide  acceptance  of  any  theory  to  ac- 
count for  the  sunspot  cycle  and  its  rela- 
tionship to  all  the  various  forms  of  solar 
activity  that  have  been  rather  abundantly 
observed. 

New  progress  toward  a  comprehensive 
theory  of  the  solar  magnetic  cvcle  has  now 
been  made  by  H.  W.  Babcock  as  a  result 
of  basic  findings  with  the  solar  magneto- 
graph,  which  has  been  under  development 
and  in  use  at  the  Observatories  for  some 
years.  One  of  these  findings  is  that  the 
sun  has  a  main  magnetic  field  with  an 
axisvmmetric  dipolar  component  which 
undergoes  a  reversal  of  polaritv  when  the 
number  of  sunspots  is  at  a  maximum.  The 
other  is  that  local  bipolar  magnetic  regions 
(BMR's),  which  break  out  in  moderate  to 
low  latitudes  on  the  sun,  and  which  are 
fundamental  to  nearly  all  of  the  solar  ac- 
tivity, generally  disappear  bv  expanding, 
not  by  submerging.  These  findings  show 
that  the  magnetic  field  undergoes  remark- 
able contortions,  and  they  greatly  restrict 
the  possible  models  of  the  topology  of 
the  lines  of  force.  The  large-scale  features 
of  the  magnetic  pattern  vary  systematically; 
the  small-scale  disturbances  are  partlv  ran- 
dom and  are  attributable  to  instabilities 
caused  by  concentrations  of  magnetic-field 
energy. 

Babcock's  new  theory  of  the  sun's  field 
invokes  the  differential  rotation  as  the 
driving  source  for  the  22-year  magnetic 
cycle.  The  more  rapid  rotation  in  low  lati- 
tudes will  draw  out  in  longitude  the  in- 
ternal lines  of  force  of  an  initial,  weak 
meridional  field  to  form  a  shallow,  sub- 
merged spiral  field  that  encircles  the  sun 
in  opposite  directions  in  the  northern  and 
southern  hemispheres.  The  spiral  field — 
essentially  toroidal — is  really  just  an  ampli- 
fied component  of  the  so-called  "general" 
field.  Calculations  show  that  there  will  be 
a  marked  dependence  of  field  intensity  on 
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latitude  as  a  result  of  the  law  governing  the  the  plages  and  the  weaker  parts  of  the 
rate  of  solar  rotation  with  latitudes.  The  magnetic  areas  where  the  field  lines  cut  the 
toroidal  field  will  be  amplified  to  a  critical  surface  generally  expand,  as  the  magneto- 
value,  sufficient  to  produce  local  instabili-  grams  show.  The  "preceding"  parts  of 
ties,  first  (after  about  three  years)  in  the  BMR's  expand  preferentially  toward  the 
vicinity  of  ±30°  latitude  and  later  in  pro-  equator,  the  "following"  parts  toward  the 
gressively  lower  latitudes.  When  unstable  poles.  Thus  the  following  parts  neutralize 
loops  are  formed,  they  are  brought  to  the  and  finally  replace  the  main  dipolar  field 
surface  by  magnetic  buoyancy,  resulting  in  with  one  of  opposite  polarity.  Only  a 
bipolar  magnetic  regions  with  sunspots  small  fraction  of  the  available  flux  is  re- 
and  attendant  phenomena.  Loop  forma-  quired  for  the  foregoing  reversal.  The 
tion  in  the  toroidal  belts  of  magnetic  flux  greater  part  is  accounted  for  by  a  merging 
terminates  amplification  at  a  given  latitude,  of  the  following  part  of  each  BMR  with  the 
but  permits  it  to  continue  closer  to  the  preceding  part  of  the  next  BMR  to  the  east, 
equator.  The  formula  sin  <p  =  ±1.5/  and  so  on  around  the  sun.  Meanwhile  the 
(n  +  3)  was  derived  theoretically  to  relate  flux  loops  above  the  BMR's  are  pushed 
the  interval  n,  in  years,  since  the  onset  of  outward  to  assume  an  elongated,  nearly 
each  sunspot  cycle,  to  the  latitude,  <p,  at  radial  configuration, 
which  buoyant  loops  of  the  toroidal  fields  The  observations  force  the  assumption 
are  beginning  to  rise  to  the  surface  to  that  severing  and  reconnection  of  field 
produce  BMR's  with  sunspots,  plages,  lines  occur  high  in  the  sun's  atmosphere  so 
flares,  and  prominences.  This  constitutes  that  large  detached  loops  of  low  intensity 
a  derivation  of  Sporer's  law  and  accounts  are  liberated  to  drift  outward  with  the 
for  the  Maunder  "butterfly  diagram,"  tenuous  plasma  of  the  corona.  Such  mag- 
which  expresses  the  observed  distribution  netic  loops  or  bubbles  may  entrap  charged 
of  sunspots  in  latitude  throughout  the  particles  of  a  wide  range  of  energy.  The 
solar  cycle.  bubble  may  drift  outward  through  inter- 

The  differential  rotation  in  depth,  in  the  planetary  space  at  a  relatively  moderate 

presence  of  turbulence  and  magnetic  vis-  speed,  far  less  than  the  mean  velocity  of  the 

cosity,  will  result  in  concentration  of  the  protons  and  electrons  circulating  within  it. 

submerged    field    lines    into    strands    or  Consideration   of  the  residual  internal 

"ropes."  An  average  flux  of  1021  maxwells  field  lines  toward  the  end  of  the  sunspot 

in  each  rope  is  typical  of  BMR's  and  is  com-  cycle  shows  that  they  will  be  brought  into 

patible  with  the  estimate  of  8  X  1021  max-  a  meridional  configuration  by  the  differen- 

wells  for  the  total  flux  of  the  main  dipolar  tial  rotation;  thus  the  new  dipolar  field 

fields  as  reported  in  1954.  It  has  been  com-  that  is  formed  will  be  suitable  for  the 

puted  that  the  total  length  of  flux  rope  pro-  initiation  of  the  second  half  of  the  22-year 

duced  by  drawing  out  under  the  influence  magnetic  cycle,  which  is  analogous  to  the 

of   the   differential   rotation   during  each  first  half  but  with  reversed  magnetic  polar- 

1 1-year  sunspot  cycle  is  about  108  solar  ity  throughout. 

radii,  which  is  ample  to  account  for  the  This   theory   of   Babcock    properly    ac- 

1000  to  3000  sunspot  groups  formed  in  the  counts  for  Hale's  laws  of  sunspot  polarity 

interval.  and  provides  a  qualitative  explanation  of 

When  a  kink  in  a  flux  rope  reaches  the  the  preponderance  of  "preceding"  spots, 

surface,  the  field  lines  loop  up  into  the  solar  of  the  forward  tilt  of  the  axes  of  older 

atmosphere  with  progressively  increasing  spots,  of  the  recurrence  of  activity  in  pre- 

height.  They  are  extended  by  the  pressure  ferred  longitudes,  and  of  chromospheric 

of  gas  expelled  by  the  plages.  Meanwhile,  whirls. 
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COMETS  AND  OTHER  INTERPLANETARY  PHENOMENA 

High-resolution  spectra  of  the  bright  Chamberlain's  model  is  consistent  with  the 
comet  Mrkos  (1957d)  taken  by  Greenstein  observations,  and  it  may  be  possible  to  ob- 
have  been  analyzed  in  detail  by  Claude  Ar-  tain  considerable  information  about  the 
pigny.  Greenstein  has  prepared  a  list  of  interplanetary  medium  by  studying  the 
lines  and  a  photographic  atlas  of  the  spec-  orientations  of  comet  tails, 
trum  in  the  range  A4737  to  A6881.  Arpigny  The  nighttime  observations  of  the  dif- 
has  completed  the  identifications,  largely  C2  fuse  Lyman-a  radiation  have  been  rein- 
and  NH2,  and  only  a  very  few  unidentified  vestigated  by  Brandt.  It  is  found  that  the 
features  remain.  The  spectral  region  A4737  Lyman-a  cannot  originate  in  the  inter- 
to  A5635  is  dominated  by  the  sequences  planetary  medium.  The  observations  can 
AV  =  0  and  AV  =  -1  of  the  Swan  bands;  De  explained  by  a  cometlike  distribution 
AF  -  -2  bands  occur  at  A5635  to  A6881,  of  neutrai  hydrogen  of  terrestrial  origin, 
where  NH2  dominates.  Fluorescence  ex- 
citation by  solar  radiation  accounts  in  great 
detail  for  the  peculiarities  of  the  observed 
intensity  distribution  among  the  rotational 
lines  of  various  bands  of  C2. 

The  observations  of  the  orientations  of 
the  tails  of  comets  Baade  (1954h)  and 
Haro-Chavira  (1954k)  by  Osterbrock  have 
been  studied  by  Brandt  in  connection  with 
the  questions  of  the  low-expansion-velocity  inS  ln  the  uPPer  atmosphere  is  also  ex- 
coronal  model  (Chamberlain)  versus  the  Pected- 

high-expansion-velocity    model    (Parker).  The  problem  of  the  Gegenschein  is  un- 

The   results   indicate  that  Parker's  high  der  investigation  by  Brandt.   There  seem 

velocities  cannot  extend  to  large  distances,  to  be  strong  arguments   against  all  the 

and  hence  his  model  may  be  incorrect.  The  traditional    explanations.     However,    the 

question  of  Biermann's  identification  of  facts  seem  to  be  consistent  with  a  dust  tail 

the    interplanetary    gas    with    the    solar  supplied  with  dust  from  the  impacts  of 

corpuscular  radiation  has  been  reopened,  meteors  on  the  lunar  surface. 


Helium  in  the  interplanetary  medium 
is  found  to  be  mostly  in  the  form  of  He  III. 
This  is  because  the  helium  flowing  from 
the  sun  (corona)  does  not  have  time  to  re- 
combine.  Hence,  the  intensity  of  the 
helium  resonance  lines  scattered  from  the 
interplanetary  medium  must  be  very  small. 
Considerable  contamination  from  scatter- 


STELLAR  SPECTROSCOPY  AND  PHOTOMETRY 


A  substantial  fraction  of  the  time  of  the 
large  reflectors  was  devoted  to  spectroscopic 
observations,  1154  spectrograms  having 
been  taken  with  the  200-inch  telescope, 
1173  with  the  100-inch,  and  836  with  the 
60-inch. 

Chemical  Composition  of  Stellar 
Atmospheres 

Support  of  work  on  the  abundance  of 
the  elements  and  the  theory  of  nucleo- 
synthesis has  been  continued  by  the  Air 
Force  Office  of  Scientific  Research  of  the 
Office  of  Aerospace  Research,  USAF,  un- 
der Greenstein's  supervision. 


Hazlehurst  is  studying  a  very  old  sub- 
giant  K  star,  h  Eridani,  which  lies  below 
the  NGC  188  sequence,  with  special  refer- 
ence to  the  rate  of  production  of  different 
metals  and  rare  earths  when  the  Galaxy 
was  young.  In  particular,  any  differences 
between  those  formed  by  neutron  capture 
on  the  slow  and  fast  times  scales  were  in- 
vestigated. None  were  found.  In  addition, 
the  H/metal  ratio  seems  to  be  normal, 
within  a  factor  of  2.  Even  at  2  A/mm,  line 
blending  is  very  serious,  and  the  depression 
of  the  continuum  in  the  blue  proves  to  be 
equivalent  to  an  increase  of  opacity  by  a 
factor  2.7  over  the  solar  value. 
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Detailed  investigation  of  the  peculiar  B4  on  spectra  obtained  by  Greenstein,  with 

star,  3  Centauri  A,  by  Jugaku  and  Sargent  energy  distributions  supplied  by  Oke.  In 

has  shown,  on  the  basis  of  a  careful  study  the   hydrogen-deficient   carbon  star,  HD 

of  isotope  shifts,  that  the  helium  lines  are  182040,  a  C/Fe  ratio  20  times  the  solar 

produced   largely   by   He3,   with   a   ratio  value  is  found  by  Searle,  together  with  a 

He3/ (He3  +  He4)  =  0.84  ±  0.10.     Deute-  deficiency  of  hydrogen  by  a  factor  in  excess 

rium  was  not  detected,  and  D/H  <  0.01.  of  100.  The  source  of  opacity  is  unknown. 

They   have   also   found,   in   collaboration  In    the   more    normal   carbon   star,   HD 

with  Greenstein,  that  the  abundances  of  156074,  the  C/Fe  ratio  is  about  twice  the 

many  elements  are  extremely  abnormal;  solar  value  and  hydrogen  is  deficient  by  a 

overabundant    are    phosphorus     (100X),  factor  of  10.    The  relative  abundances  of 

gallium     (10,000 X),    krypton     (1000 X),  the   metals   seem    normal.    Keenan   and 

nitrogen  (5x),  and  iron  (4X),  whereas  Greenstein  are  attempting  to  identify  more 

oxygen  and  helium  are  deficient  by  a  factor  C  I   lines   in   the  infrared  spectra  of  R 

of  6,  and  sulfur  by  a  factor  of  10.  In  the  Coronae  Borealis,  using  the  intercombina- 

far  ultraviolet,  lines  of  Mn  II  were  found  tion  principle  to  predict  new  lines.  Searle 

linking   3   Cen   A   with   the   manganese  finds  that  the  infrared  O/Mg  and  N/Mg 

peculiar  A  stars.  ratios  seem  normal.  Thus,  the  carbon-rich 

In  six  other  Ap  stars,  the  search  for  He3  stars  have  as  their  essential  peculiarity  (in 

failed    because    of   the    weakness   of   the  varying  degrees)   deficiency  of  hydrogen, 

helium   lines;   a  Sculptoris  had  stronger  excess  of  C12  (and  sometimes  C13),  and 

helium,  but  no  isotope  shifts.  Alpha  Scl  is  probably  excess  of  helium, 
a  peculiar  B  star  with  helium  and  oxygen         During  the  minimum  of  R  CrB,  the 

deficient.  In  k  Cancri,  Jugaku  and  Sargent  spectrum  for  a  short  period  was  essentially 

have    measured    spectra    from    A3100    to  reversed  with  most  ionized  lines  appear- 

A8600;  they  find  that  Be  II  is  very  strong,  ing  in  emission.  Cecilia  Payne-Gaposchkin 

as  are  P  II  and  P  III,  Ga  II,  and  possibly  analyzed    Palomar    spectra    obtained    by 

Xe    II    and   Hg    II,   in   addition    to   the  Greenstein  and  others.  At  no  time  during 

manganese    anomalies.     The    correlation  the  complicated  reversal,  and  eventual  dis- 

of   these   peculiar   abundances    with    one  appearance,   of    the    chromospheric   spec- 

another,    with   the    possible    existence   of  trum,  did  any  absorption  or  emission  lines 

magnetic    fields,    and    with    the    peculiar  of  hydrogen  appear.   At  minimum,  three 

nuclear  processes  that  must  occur  to  pro-  broad  emissions  persisted,  Ca  II  and  A3888, 

duce  He3,  beryllium,  phosphorus,  gallium,  which  is  almost  certainly  He  I.  Mrs.  Ga- 

and  manganese  will  all  be  further  studied,  poschkin  will  study  the  time  decay,  and  the 

A  further  correlation  has  been  studied  detailed  velocity  changes,  during  these 
in  17  peculiar  A  stars  by  Searle  and  Sar-  chromospheric  phases.  The  C  I  absorption 
gent.  All  have  weak  oxygen  lines;  those  lines  varied  during  the  drop  to  and  re- 
with  strong  Sr  II  have  the  weakest  O  I  covery  from  minimum, 
lines,  while  those  with  Mn  II  have  more  Fowler,  Greenstein,  and  Hoyle  have  con- 
nearly  normal  oxygen.  In  some  stars,  like  sidered  the  astronomical  significance  of 
k  Piscium,  no  O  I  is  seen,  while  Mg  II  with  the  occurrence  of  lithium  in  the  T  Tauri 
similar  excitation  is  anomalously  strong,  stars,   the  existence   of  beryllium   in   the 

The  weak-line  A  stars,  X  Bootis,  29  magnetic  A  stars,  and  the  presence  of 
Cygni,  and  n1  Orionis,  are  being  studied  deuterium  in  the  earth.  By  consideration 
by  Searle,  with  special  attention  to  the  of  the  relative  abundances  of  the  isotopes 
O/metal  ratio.  Oke  and  Searle  are  study-  of  the  light  elements,  from  D2  to  B11,  it  be- 
ing the  O  I  in  RR  Lyrae.  comes  apparent  that  their  most  probable 

Searle  has  completed  a  study  of  HD  method  of  production  was  by  spallation 

156074  and  HD  182040,  carbon-rich  stars,  of  heavy  nuclei  by  soft  cosmic  rays,  and 
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their  place  of  origin  was  at  the  surface  of 
a  star  in  the  contracting  phase  or  in  solids 
circulating  around  this  contracting  star. 
The  isotope  ratios  of  Li6/Li7  and  B^/B11 
in  the  earth  require  not  only  an  origin 
from  spallation  but  also  irradiation  by 
moderated  neutrons,  likely  to  occur  only  in 
the  solid  state.  It  is  therefore  suggested 
that  when  the  sun  contracted  it  had  to 
dispose  of  about  1045  ergs  of  rotational 
energy  and  magnetic  fields  by  flare  ac- 
tivity; these  flares  produced  soft  cosmic  rays 
in  the  energy  range  10  to  300  Mev,  which 
were  trapped  in  the  magnetic  field,  and 
which  irradiated  the  solids  condensing  in 
the  region  where  the  planets  were  ulti- 
mately formed.  The  solid  masses  near  the 
earth  were  initially  mixtures  of  solids  (iron 
and  silicon  compounds)  and  H20  ice — 
planetesimals  100  meters  in  diameter — 
giant,  dirty  snowballs.  With  a  limited  set 
of  assumptions  on  the  proton  flux,  the  time 
scale,  and  the  composition  of  the  solids, 
Fowler,  Greenstein,  and  Hoyle  find  that 
the  correct  D2/H  ratio,  the  abundances 
of  the  isotopes  from  Li6  to  B11,  and  also 
many  of  the  meteoritic  isotope  anomalies 
among  the  heavier  elements  can  all  be 
understood.  Thus  it  is  possible  that  nuclear 
astrophysics  will  provide  important  clues 
on  the  early  stages  of  the  origin  of  the 
solar  system.  All  the  T  Tauri  stars  now 
show  excess  lithium  abundance  and  may 
represent  stars  in  the  process  of  forming 
solar  systems.  The  lithium  in  a  T  Tauri 
star,  however,  is  at  the  surface  of  the  star, 
not  in  the  preplanetary  nebula,  and  may 
be  formed  by  surface  nuclear  reactions 
(as  beryllium  is  in  the  magnetic  A  stars). 
In  conjunction  with  Greenstein  and 
Wallerstein,  Parker  is  carrying  out  an 
abundance  analysis  of  two  very  weak-lined 
G  dwarfs,  HD  165195  and  HD  221170.  Be- 
cause of  the  weakness  of  the  lines  used 
in  previous  G  dwarf  studies,  it  has  been 
both  necessary  and  possible  to  extend  the 
observations  into  the  blue  for  these  two 
stars — a  circumstance  that  has  also  per- 
mitted the  examination  of  the  abundances 
of  some  new  elements,  aluminum,  stron- 


tium, cobalt,  europium,  and  others,  which 
previously  had  to  be  omitted  from  these 
studies. 

Infrared  spectra  of  bright  B  and  Be  stars 
have  been  obtained  by  Houziaux  with 
dispersions  of  20  and  40  A/mm.  All  the 
plates  have  been  recorded  for  spectrophoto- 
metric  analysis,  and  average  profiles  of 
Paschen  lines  have  been  obtained  for  com- 
parison with  model  atmosphere-type  cal- 
culations. In  most  of  the  Be  stars  observed, 
the  A8446  O  I  line  appeared  in  double  emis- 
sion with  a  sharp  central  absorption. 
Equivalent  widths  of  O  I,  N  I,  and  Ca  II 
lines  in  the  wavelength  range  A6700  to 
A8800  have  been  measured  and  will  provide 
good  observational  basis  for  abundance 
determination  of  these  elements. 

Line  Blanketing 

The  high-dispersion  coude  program  for 
determining  the  effect  of  Fraunhofer  lines 
in  stellar  spectra  on  the  measured  U,  B,  V 
colors  was  completed  and  submitted  for 
publication  by  Wildey,  Sandage,  and  G.  R. 
and  E.  M.  Burbidge.  The  program  con- 
sisted of  measuring  the  energy  absorbed 
out  of  the  continuum  by  all  atomic  lines 
except  hydrogen  from  A3300  to  A6300  for 
the  stars  £  Pegasi  (F7V),  50  Andromedae 
(F8V),  70  Virginis  (G5V),  and  the  sub- 
dwarf  HD  19445  (sdF).  The  effects  of 
blocking  the  radiation  and  of  the  redistri- 
bution of  flux  with  the  subsequent  change 
in  continuum  level  were  considered.  The 
data  for  the  sun,  for  several  stars  considered 
by  Melbourne,  and  for  the  program  stars 
mentioned  above  were  analyzed  together 
to  determine  the  slope  of  the  blanketing 
line  in  the  U  —  B,B  —  V  diagram.  Tables 
were  computed  which  give  the  corrections 
to  observed  V,  B  —  V,  and  U  —  B  values 
for  weak-lined  stars  such  as  subdwarfs  for 
various  values  of  the  measured  ultraviolet 
excess  h(U  —  B).  These  corrections  re- 
duce the  observed  colors  to  what  would 
have  been  observed  if  the  Fraunhofer  lines 
had  been  as  strong  as  for  stars  in  the 
Hyades. 
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White  Dwarfs  and  Subluminous  Stars 

Greenstein  and  Oke  have  observed  Sirius 
B  with  the  high-resolution  scanner  and 
recently  at  9  and  14  A/mm  with  the 
Palomar  coude.  After  subtraction  of  scat- 
tered light  of  Sirius  A,  the  broad  hydrogen- 
line  profiles  were  found  to  be  those  of  a 
typical,  moderately  hot  white  dwarf.  The 
redshift  at  Hy  is  best  determined  from 
analysis  of  microphotometer  tracings;  two 
plates  give  a  preliminary  shift  of  50  km/sec 
with  respect  to  the  sharp  lines  of  Sirius  A. 
One  plate  at  Ha  was  measured  in  the 
conventional  way  and  also  gave  50  km/sec. 
The  accuracy  is  not  high,  and  work  will 
be  continued;  these  results  are  definitely  of 
a  preliminary  nature.  The  theoretical  red- 
shift  due  to  gravity  is  near  80  km/sec  if 
Sirius  B  has  an  interior  containing  helium 
or  heavier  elements. 

Two  white  dwarfs  had  been  found  by 
Greenstein  to  have  an  unidentified  broad 
absorption  feature  near  A4670  (Wolf  219 
and  Luyten  879-14).  Since  these  were 
intrinsically  faint  and  somewhat  yellow, 
the  possibility  of  identification  with  the 
molecular  band  of  carbon  existed.  This 
supposition  was  studied  further  by  Roger 
A.  Bell  of  Mount  Stromlo  Observatory, 
who  computed  the  profile  of  the  (1-0) 
band  of  C2  assuming  a  large  blurring  of 
the  vibrational  and  rotational  levels.  The 
hypothesis  was  fully  verified  when  Green- 
stein obtained  fine-grain  spectra  of  Luyten 
879-14  in  the  red  which  showed  that  the 
(0-0)  band  was  present  in  greater  strength 
and  with  a  profile  that  also  matched  the 
theoretical  blurred  profile  for  the  A5165 
band.  The  bands  are  about  200  A  wide, 
and  shallow.  The  presence  of  a  large  con- 
centration of  molecular  carbon  in  a  white 
dwarf  is  unexpected;  presumably  the  star 
has  burnt  hydrogen  and  helium  very  com- 
pletely. The  interior  composition  of  such 
an  object  must  be  largely  heavy  elements; 
no  trace  of  hydrogen  or  metallic  lines  exists 
in  the  reversing  layer.  An  abundance 
analysis  will  be  handicapped  by  ignorance 
of  the  source  of  opacity. 


New  white  dwarfs  found  from  the 
Lowell  proper-motion  survey  include 
Giclas  28-27,  38-29,  92-40,  93-48,  all  DA 
type.  The  very  blue  star  Tonantzintla  261 
seems  to  be  a  helium-rich  white  dwarf  (or 
extreme  subdwarf)  showing  broad  lines 
He  I  and  He  II.  The  nucleus  of  the  plane- 
tary nebula  Abell  74  seems  to  have  a  con- 
tinuous spectrum,  and  the  star  may  be  of 
type  DC. 

The  survey  of  faint  blue  stars  reveals  a 
considerable  number  of  "halo"  B  stars  with 
weak,  diffuse  He  I  lines;  some  very  blue 
stars  often  show  only  hydrogen  lines,  and 
Mg  II  is  never  seen.  These  objects  are  ap- 
parently metal-poor  and  display  features  of 
abnormally  low  surface  gravity. 

Photoelectric  scans  of  a  selection  of  very 
hot  subdwarf  stars  are  being  secured  by 
Oke  and  Mihalas.  The  absolute  energy 
distributions  are  being  compared  with 
those  of  very  hot  black  bodies.  A  possi- 
bility exists  that,  if  a  sufficiently  hot  star 
(Te  >  200,000 °K)  can  be  found,  which 
has  a  continuous  spectrum  and  is  not  space 
reddened,  it  can  be  used  as  a  standard  for 
absolute  energy-distribution  measurements. 

Early-Type  Stars 

Norton  has  obtained  spectra  of  the  high- 
est-luminosity B0  to  B3  stars,  initially  to 
search  for  any  differences  as  a  function  of 
position  in  the  Galaxy.  In  particular,  a 
study  of  line  widths  shows  supergiants 
with  both  abnormally  narrow  and  wide 
lines.  The  emission  in  the  longward  wing 
of  Ha  may  provide  an  estimate  of  turbu- 
lence, permitting  separation  of  rotation 
from  large-scale  turbulence. 

Further  tests  and  observations  have  been 
made  by  Greenstein  and  Oke  with  the 
coude  scanner  on  the  100-inch  telescope.  It 
was  found  necessary  to  modify  the  moni- 
tor beam  so  that  it  sampled  light  on  both 
sides  of  the  spectral  region  being  scanned. 
It  is  hoped  that  this  change  will  make 
the  seeing  compensation  satisfactory  over 
larger  zenith  distances  than  are  feasible  at 
present.    The   electronic   amplifying  and 
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ratio-measuring  instruments  are  now  oper-  ing   entirely    unpredictable   variations    in 

ating  satisfactorily.  Observations  have  been  color,  spectrum,  and  total  light.  In  absolute 

made  of  a  number  of  hot  stars,  including  magnitude  and  color  they  resemble  dwarf 

9  Sagittae,  t  Scorpii,  and  10  Lacertae.  Even  G  or  K  stars,  but  have  prolonged  outbursts 

with  a  resolution  of  only  0.5  A  it  is  possi-  of  chromospheric  emission  and  ultraviolet 

ble  to  detect  lines  having  equivalent  widths  continuous  radiation.  Stars  at  the  heads  of 

as  small  as  20  mA.  fan-shaped  nebulae  have  the  highest  tem- 

Photoelectric  scanner  observations  of  peratures  of  this  group. 
21  O  stars  in  Cygnus  and  Cepheus  have  The  SS  Cygni  stars,  which  have  nova- 
been  made  by  Rodgers  with  the  60-inch  like  outbursts  of  several  magnitudes,  were 
and  100-inch  telescopes.  The  observations  found  to  be  spectroscopic  binaries  having 
cover  the  range  A3400  to  A6000  with  a  reso-  one  dG  or  dK  component  and  one  hot  sub- 
lution  of  20  A.  The  scans  are  graphically  dwarf  component  with  wide  emission 
integrated  over  bands  100  A  wide.  A  com-  lines.  Their  periods  are  somewhat  less 
parison  of  the  form  of  the  interstellar  red-  than  a  day,  and  their  masses  are  about  the 
dening  curves  so  derived  in  Cepheus  and  same  as  the  mass  of  the  sun.  The  underly- 
Cygnus  shows  that  they  are  identical  and  ing  cause  of  the  explosive  outbursts  has 
that  the  anomalistic  behavior  of  the  Cygnus  not  yet  been  found. 
O  stars  in  the  U  —  B,  B  —  V  plane  is  The  UV  Ceti  stars  are  of  the  latest 
intrinsic  in  these  stars  in  that  they  have  spectral  types — mostly  dM2e  to  dM6e — and 
an  abnormally  large  Balmer  discontinuity  of  the  lowest  mass  and  luminosity  known 
for  the  spectral  range  considered.  In  addi-  among  the  stars.  They  have  strong  emis- 
tion,  the  similarity  of  the  Cygnus  redden-  sion  lines  of  hydrogen  and  Ca  II  (H  and 
ing  law  to  that  in  Cepheus  and  to  that  K) .  Sudden  outbursts  of  the  total  intensity 
derived  from  six-color  work  over  the  other  of  their  light  amounting  to  a  magnitude  or 
galactic  longitudes  argues  against  the  more  are  known  in  20  such  stars,  found 
process  of  interstellar  extinction  by  classical  usually  by  accident.  The  effect  of  the  ex- 
scattering  by  "large"  particles  aligned  ac-  plosion  lasts  for  less  than  a  half  hour,  in- 
cording  to  the  Davis-Greenstein  mecha-  dicating  that  it  involves  only  a  small  area 
nism.  on  or  near  the  surface  of  the  star,  but  the 

intensity  of  the  radiation  is  sufficient  to 

Dwarf  Variables  produce   a  continuum  which  covers  the 

whole  spectrum  well  into  the  violet.  This 

A  summary  of  the  results  of  Mount  Wil-  phenomenon  has  been  observed  only  in 

son  spectrographic  observations  of  variable  dwarf  stars  having  strong  line-emission  of 

stars  of  low  luminosity  has  been  compiled  hydrogen  and  calcium, 

and  published  by  Joy.  The  program  was  Using  the  prime-focus  spectrograph  at 

begun  some  years  ago  in  connection  with  the  200-inch,  Kraft  finds  evidence  that  all 

a  survey  of  the  spectra  of  different  types  U  Geminorum  variables  are  spectroscopic 

of  variable  stars.  Among  these  dwarf  stars  binaries  of  short  period.  Joy  found  earlier 

three  types  of  variation  have  been  recog-  that  SS  Cygni  was  a  double-line  binary 

nized  by  their  characteristic  spectral  be-  (dG5  +  sdBe)  of  period  6h38m.  Kraft  finds 

havior:  the  T  Tauri,  the  SS  Cygni,  and  that  RU  Pegasi  is  a  double-line  binary 

the  UV  Ceti  variables.  (dK2  +  sdBe)  with  P  =  8h54m.  Single-line 

The  T  Tauri  stars  are  found  in  the  out-  binaries  include  RX  Andromedae 
lying  regions  of  Milky  Way  clouds  and  (P  =  5h05m)  and  U  Gem  (P  =  4h10m).  Ex- 
seem  to  be  among  the  youngest  of  dwarf  cept  for  the  lower  excitation  and  absence 
stars.  In  their  evolutionary  course  some  of  a  large  nebular  envelope,  the  spectrum 
have  not  yet  reached  the  main  sequence  of  U  Gem  is  very  much  like  that  of  DQ 
and  are  in  a  very  unstable  condition,  hav-  Herculis;  all  emission  lines  of  hydrogen, 
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He  I,  and  Ca  II  are  conspicuously  double;  absolute  radius  of  SU  Dra  can  be  deter- 
the  V/R  ratio  is  a  function  of  aspect,  the  mined.  Spectra  of  X  Ari  have  also  been 
same  as  in  DQ  Her.  The  velocity  range  obtained.  This  star  shows  abnormally 
(550  km/sec)  is  large;  the  star  is  almost  strong  hydrogen  emission  during  the  rise 
certain  to  be  an  eclipsing  binary.  A  faint  from  minimum  to  maximum  light.  New 
trace  of  the  absorption  spectrum  of  the  spectra  of  RR  Lyrae  have  been  obtained 
late-type  companion  can  be  seen  at  phases  with  a  dispersion  of  18  A/mm.  The  ex- 
corresponding  to  an  eclipse.  posures  never  exceeded  40  minutes  and  at 

Other   stars  showing  variable  velocity,  critical  phases  were  kept  under  10  minutes, 

but  for  which  periods  have  not  yet  been  ob-  All  spectra  were  taken  within  three  nights 

tained,  are  SS  Aurigae  and  Z  Camelopar-  to  minimize  the  effects  of  the  secondary 

dalis.  EY  Cygni  has  a  composite  spectrum  period  on  the  velocity  curve. 

(dK  +  sdBe)    but  no  velocity   variation;  Photoelectric  light  curves  for  8  RR  Lyrae 

the  lines  are  narrow,  and  the  system  is  stars  of  high  proper  motion  have  been  ob- 

probably   viewed    pole-on.    The   systemic  tained  by  Sandage  in  three  colors  using  the 

velocities  for  SS  Cyg,  U  Gem,  RX  And,  20-  and  60-inch  reflectors.   Data  for  these 

and   RU   Peg  are    —  9,    +  42,    —18,   and  stars  can  be  made  precise  enough  to  dis- 

—  7   km/sec,   respectively;    the    stars   evi-  tinguish  candidates  for  Eggen's  kinematic 

dently  belong  to  the  galactic  "disk"  popu-  groups  among  the  subdwarfs.  The  data  are 

lation  and  do  not  have  high  velocities.  being  analyzed  by  Katem  with  Arp's  com- 

A  10  A/mm  spectrogram  of  the  flare  star  puter  program  for  the  photoelectric  reduc- 
EV  Lacertae   (BD  +  43°  4305)    was  ob-  tions.    The  program  is  cooperative  with 
tained  by  Wilson  at  a  time  when  no  ap-  Helmut  Abt,  of  Kitt  Peak  National  Ob- 
preciable  flare  activity  was  taking  place,  servatory,  who  has  obtained  radial-velocity 
Inspection  and  measurement  of  this  plate  plates  for  a  number  of  these  stars, 
lead  to  these  conclusions:    The  chromo- 
sphere of  this  star  during  its  nonactive  Cepheid  Variables 
periods  is  quiescent,  lacking  either  measur- 
able turbulence  or  internal  velocity  gradi-  Together  with  J.  Wampler,  P.  Pesch,  and 
ents.    Also,  there  is  no  evidence  for  the  W.  A.  Hiltner,  of  the  Yerkes  and  Mc- 
presence  of  the  isotope  He3  and  deuterium.  Donald  Observatories,  Kraft  carried  out  a 

reinvestigation  of  the  classical  cepheid  U 

RR  Lyrae  Variables  Sagittarii  in  the  galactic  cluster  M  25.  MK 

spectral  types  of  21  stars  were  used  to  check 

The  scanner  has  been  used  by  Oke  to  the  intrinsic  colors  of  the  B-type  stars  in 

determine  absolute-energy  distributions  in  this   rather  southerly   cluster.    Some  dis- 

the  spectra  of  several  RR  Lyrae  stars.  Ob-  agreement  between  earlier  photometric  in- 

servations   have  been  completed   for   SU  vestigations  was  cleared  up.    The  newly 

Draconis    and    are    nearly    complete    for  derived  photometric  parameters  for  U  Sgr 

X   Arietis.    Work  on   SW   Andromedae  are   <M°v>  =  -3.96,   <(B  -  F)0>mag 

has    been    started.     Giver    has    done    the  =+0.605,       and       <(U  —  B)°>mag  = 

analysis  of  the  SU  Dra  and  finds  that  the  +0.435.  The  color  excess  E  (B  —  V)  at  the 

ranges  in  effective  temperature  and  rela-  position    of   U   Sgr   is    0.55  ±  0.03    (esti- 

tive  radius  are  almost  identical  with  those  mated  maximum  error), 

in  RR  Lyrae.  The  range  in  temperature  is  A  re-examination  of  the  period-luminos- 

approximately  from  5900°  to  7400°  K.  A  ity  and  period-color  relationship  for  classi- 

substantial  number  of  spectra  with  a  dis-  cal  cepheids  and  in  particular  a  reanalysis 

persion  of  18  A/mm  have  been  obtained;  of  the  positions  of  the  lines  of  constant 

they  have  been  used  to  derive  a  new  radial-  period  in  the  H-R  diagram  was  carried 

velocity  curve  which  is  needed  before  the  out  by  Kraft.  The  need  for  revision  of  the 
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work  of  the  previous  year  became  apparent 
because  of  the  following  developments: 
(1)  the  galactic  cluster  assumed  to  contain 
CV  Monocerotis  was  found  by  Preston  to 
contain  several  foreground  late-type  stars 
thought  earlier  to  be  heavily  reddened  re- 
type stars;  (2)  an  improvement  in  the 
photometry  of  M  25  already  described  was 
completed;  (3)  a  new  main-sequence 
fitting  procedure  suggested  by  Johnson  was 
adopted;  (4)  the  transformation  of  cepheid 
and  supergiant  colors  between  Eggen's 
(P  —  V)e  and  the  Yerkes-McDonald 
(B  —  V)  was  recognized  as  somewhat  un- 
certain; and  (5)  Oke's  improved  effective 
temperature  scale  for  h  Cephei  was 
adopted. 

Correlation  between  G-band  strengths 
(T-photometry)  and  intrinsic  (B  —  V) 
was  improved,  and  the  period-color  rela- 
tion was  derived  from  the  cepheids  in 
galactic  clusters  and  26  field  cepheids 
whose  observed  colors  were  given  by 
Bahner,  Hiltner,  and  Kraft;  Weaver,  Stein- 
metz,  and  Mitchell;  or  Irwin.  The  P-C  re- 
lation is  <(B~  V)°>mag  =  -0.101  (log 
P)2  +  0.538  (log  P)  +  0.264.  Fitting  the 
five  galactic-cluster  cepheids  to  Arp's  slope 
for  the  P-L  law  of  the  Small  Magellanic 
Cloud,  Kraft  obtained  <M°b>  = 
—  1.33  —  2.25  log  P.  Along  the  mean  line 
of  the  instability  strip  in  the  H-R  diagram, 
the  pulsation  constant  Q  was  found  to  in- 
crease by  about  60  per  cent  from  P  =  3 
days  to  P  =  40  days. 

With  these  new  results,  Arp  and  Kraft 
estimate  that  the  true  modulus  of  the  SMC 
is  18.6  or  18.8,  according  as  the  difference 
in  mean  color  between  galactic  and  SMC 
cepheids  is,  or  is  not,  allowed  for. 

Absolute  energy  distributions  in  the 
spectra  of  h  Cephei  and  y\  Aquilae  which 
were  obtained  with  the  aid  of  photoelectric 
spectrum  scans  and  high-dispersion  spectra 
have  been  analyzed  by  Oke.  Effective  tem- 
peratures were  obtained  at  all  phases  by 
making  detailed  comparisons  with  model 
atmospheres.  The  changes  of  the  radii 
with  phase  were  determined;  these  radius- 
displacement  curves  agreed  with  those  ob- 


tained from  radial-velocity  data.  The  com- 
parisons led  to  mean  radii  of  64  ±  2  and 
40.3  ±  0.8  solar  radii,  respectively,  for  r\  Aql 
and  h  Cep.  It  was  found  that  the  inter- 
stellar reddening  of  v\  Aql  should  be  0.20 
in  B  —  V,  if  the  reddening  in  8  Cep  is 
taken  to  be  0.11.  The  mean  absolute  visual 
magnitudes  of  y\  Aql  and  8  Cep  are  —4.25 
and  —3.3,  respectively.  These  values  are 
in  good  agreement  with  the  recent  de- 
terminations by  Kraft.  A  suggested  tem- 
perature versus  intrinsic  color  relation  for 
cepheids  is  Be  =  0.643  4-  0.337  (B  -  V)o. 
The  range  in  effective  temperature  of  h 
Cep  is  6680°  to  5500°K,  and  of  y\  Aql, 
6460°  to  5530°K. 

Long-Period  Variables 

Dr.  P.  C.  Keenan,  of  the  Perkins  Ob- 
servatory, Merrill,  and  Deutsch  have 
studied  many  coude  spectrograms  of  Me- 
type  Mira  variables  and  of  non-Mira  M 
giants.  They  find  that  spectral  types  later 
than  about  M  5  will  more  accurately  define 
a  temperature  sequence  if  they  are  assigned 
by  comparing  relative  band  strengths 
rather  than  absolute  strengths.  Even  the 
vibrational  levels  of  TiO  are  far  enough 
apart  to  have  appreciably  different  popula- 
tions at  temperatures  below  3000  °K.  In  a 
direct  analogy  with  the  classification  anom- 
alies found  for  the  very  weak-line  red 
giants  of  some  globular  clusters,  some 
Miras  would  have  early  M  subclasses  on 
the  basis  of  the  absolute  strengths  of  the 
stronger  TiO  bands,  while  the  band  ratios 
clearly  indicate  much  lower  vibrational 
temperatures  than  in  the  corresponding 
non-Mira  giant  standards. 

Consistent  differences  in  the  ratios  of 
the  bands  of  YO,  ScO,  and  AlO  appear  to 
reflect  real  differences  in  the  abundances 
of  these  metals  in  certain  Mira  variables. 
Strengthening  of  YO  and  ScO  indicates 
a  tendency  toward  spectral  type  S;  in  such 
stars,  AlO  is  often  weak. 

In  the  coolest  M  giants  the  zero-volt 
titanium  lines  weaken  relative  to  the  zero- 
volt  iron  lines.   This  effect  indicates  that 
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at  very  low  temperatures  a  large  fraction 
of  all  titanium  atoms  are  bound  in  TiO 
molecules.  Further  study  of  these  lines  can 
yield  information  about  the  total  gas  pres- 
sure in  these  atmospheres. 

A  striking  characteristic  of  the  spectra 
of  many  Mira  variables  is  the  weakness 
of  many  absorption  lines  in  comparison 
with  their  strength  in  non-variable  giants 
of  type  M.  The  weakening  is  greatest  in 
the  range  of  types  MOe  to  M5e,  while  many 
of  the  coolest  Mira  variables  (e.g.,  R 
Leonis)  can  scarcely  be  distinguished  from 
ordinary  giants  in  this  respect.  The  line 
weakening  is  most  pronounced  in  the  blue 
and  visual  regions  and  tends  to  disappear 
in  the  ultraviolet  below  A3900.  As  previ- 
ously reported  for  Mira  itself,  the  line 
weakening  can  vary  greatly  from  one  cycle 
to  another;  within  a  single  cycle,  however, 
it  changes  only  slightly  with  phase. 

No  quantitative  explanation  is  at  hand 
for  the  line  weakening  in  Mira-type 
spectra.  Probably  it  reflects  a  real  metal 
deficiency  in  some  stars,  notably  the  early- 
type,  relatively  short-period  Miras,  which 
are  known  on  other  grounds  to  belong  to 
the  halo  population.  However,  since  the 
line  weakening  is  observed  to  vary  from 
cycle  to  cycle  for  at  least  some  stars,  other 
factors  must  enter  in  addition  to  metal  de- 
ficiency. One  of  these  factors  is  that,  in 
Miras  with  strong  TiO  bands,  the  atomic 
lines  longward  from,  say,  A4200,  appear  on 
a  fictitious  "continuum,"  in  which  TiO 
produces  a  very  high  opacity. 

The  lines  least  weakened  arise  from  (1) 
ions  of  elements  with  ionization  potentials 
less  than  about  6  ev  (Ba  II,  Sr  II),  and  (2) 
low  levels  of  neutral  atoms  (iron,  titanium, 
cobalt)  that  have  higher  ionization  poten- 
tials. The  differential  behavior  of  these 
lines  suggests  that  the  Mira  variables  have 
atmospheres  in  which  both  pressure  and 
temperature  are  lower  than  in  normal 
giants  of  the  same  spectral  type.  They  are 
less  luminous  than  M-type  supergiants, 
however,  and  in  addition  they  differ  in 
having  lines  that  are  weaker  (higher  opac- 


ity?) and  not  conspicuously  broadened  by 
turbulence. 

Supernovae 

The  program  for  the  systematic  search 
for  supernovae  has  continued  throughout 
the  year  under  the  direction  of  Zwicky 
and  with  the  financial  support  of  the  Na- 
tional Science  Foundation. 

Since  July  1,  1960,  18  supernovae  were 
discovered  with  the  48-inch  schmidt 
(Humason  12,  Gomes  4,  Kearns  2);  the 
brightest  among  these  was  the  supernova 
in  NGC  4303  (Messier  61)  in  the  Virgo 
cluster.  Another  bright  supernova  was  dis- 
covered in  NGC  4382  (Meisser  85)  by 
Gates  with  the  18-inch. 

Many  of  the  previous  preliminary  results 
about  types  of  supernovae,  their  spectra, 
frequency  of  occurrence,  and  light  curves 
were  confirmed  by  the  new  findings.  In 
addition,  much  knowledge  was  gained 
from  the  following  new  observations. 

The  frequency  of  occurrence  of  all  types 
of  supernovae  in  elliptical,  normal  spiral, 
barred  spiral,  and  irregular  galaxies  ap- 
pears to  be  independent  of  the  type  of  the 
galaxy,  at  least  among  the  brighter  galaxies. 
There  exist  galaxies,  however,  such  as 
NGC  3184,  4321,  and  6946  (with  3  super- 
novae each  in  the  last  50  years),  and  NGC 
2841,  4303,  and  5236  (with  2  supernovae 
each),  which  produce  supernovae  at  a  rate 
roughly  10  times  the  normal  for  the  aver- 
age galaxy  in  the  Shapley-Ames  Catalogue 
(1  supernova  on  the  average  per  galaxy 
per  360  years).  Altogether,  from  1885  until 
the  present,  97  supernovae  have  been  re- 
corded. 

The  supernova  in  NGC  4382  was  found 
to  be  of  type  I  by  Greenstein;  that  in 
NGC  4303  started  with  a  nearly  continuous 
spectrum,  but  has  just  begun  to  show  not 
yet  identifiable  features,  representing  a  new 
phase  in  the  development  of  supernova 
spectra,  probably  of  type  II. 

Another  supernova  appeared  exceedingly 
far  out  from  the  center  of  an  E0  galaxy  in 
the  Coma  cluster.  It  was  of  type  I  but  with 
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bands  at  A3900  and  A4050  far  stronger  than 
ever  before  observed  in  any  object  of  this 
type.  The  supernova  at  R.A.  16h9m47s, 
decl.  +29°42'11"  (1950),  acted  like  the 
supernova  in  NGC  4303,  showing  no  fea- 
tures whatever  in  its  continuous  spectrum 
and  staying  at  constant  brightness  for  about 
10  days  near  maximum. 

Absolute-energy  distributions  in  the 
spectra  of  the  supernovae  that  appeared  in 
NGC  7331,  NGC  4564,  and  NGC  4303 
were  measured  by  Oke  with  the  scanner. 
Observations  were  made  on  a  number  of 
scattered  nights.  Reductions  and  analysis 
are  being  made. 

Some  hope  for  decisive  progress  in  the 
interpretation  of  the  spectra  of  supernovae 
lies  in  the  following  idea  and  in  some  re- 
sults already  obtained  by  Zwicky.  The  gas 
shell  expelled  from  a  supernova  can  hardly 
be  of  uniform  thickness  and  brightness 
throughout.  Violent  local  shock  waves, 
explosions,  reactions  and  other  phenomena 
which  cause  marked  fluctuations  should 
be  expected.  These  may  give  rise  to  sharp 
emission  lines,  superposed  on  bright  wide 
bands.  Fast  successive  exposures  of  super- 
nova spectra,  using  two  or  more  plates, 
were  therefore  made,  and  it  was  found 
that  short-lived  but  reproducible  patterns 
of  sharp  emission  lines  actually  occur. 
These  patterns  are  now  being  studied  in 
the  hope  that  the  systematic  occurrence  of 
similar  features  (lifetime  of  the  patterns 
is  only  of  the  order  of  an  hour)  will  make 
possible  the  correct  identification  of  the 
origin  of  these  sharp  lines  and  patterns. 

Much  stress  was  laid  by  Zwicky  on  the 
search  for  supernovae  in  distant  clusters. 
This  is  important,  because  it  is  not  possible 
to  establish  a  good  luminosity  function  for 
various  types  of  supernovae  in  near-by 
clusters,  such  as  the  Virgo  cluster,  for 
instance,  since  within  this  cluster  differ- 
ences of  2.5  magnitudes  may  be  expected 
in  the  apparent  brightness  of  identical 
supernovae  which  appear  in  galaxies  at 
the  near  and  the  far  side  of  the  Virgo 
cluster,  respectively. 


Mass  Loss  from  Stars  with  Extended 
Atmospheres 

Deutsch  has  continued  his  coude  ob- 
servations of  circumstellar  lines  in  the 
spectra  of  late-type  giants.  He  has  also 
examined  the  possibility  that  the  flow  of 
mass  from  these  stars  can  be  understood 
within  the  framework  of  the  theory  for 
smooth,  stationary,  spherically  symmetric 
hydrodynamic  expansion.  At  sufficiently 
small  distances  from  the  star,  a  flow  of  this 
kind  may  be  accelerated  outward,  and  it 
may  be  supersonic.  At  great  distances, 
however,  the  flow  must  always  be  subsonic 
and  the  velocity  must  tend  to  zero;  if  there 
is  a  supersonic  regime,  it  will  be  bounded 
on  the  far  side  by  a  stationary  shock  wave. 
The  profile  of  the  K  line  is  being  calcu- 
lated for  several  different  flows,  and  these 
profiles  will  be  compared  with  the  observa- 
tions. Incidentally,  Deutsch  finds  that,  if 
the  condition  is  imposed  that  the  solar 
corona  fit  smoothly  onto  the  interstellar 
medium,  with  no  shock  transition,  the 
theory  predicts  with  satisfactory  accuracy 
both  the  temperature  and  the  density  in 
the  corona.  The  only  parameters  required 
for  this  prediction  are  the  escape  velocity 
at  the  base  of  the  corona  and  the  tempera- 
ture and  density  of  interstellar  gas  around 
the  sun. 

Sargent  has  studied  p  Cassiopeiae,  find- 
ing that  it  has  a  circumstellar  shell  of  mass 
1028  grams  through  which  the  star  loses 
10"6  of  its  mass  per  year.  There  is  a  hot 
chromosphere  which  produces  Balmer 
emission,  probably  heated  by  turbulent 
energy.  The  high-latitude  supergiant  89 
Herculis  (F2  la)  has  had  asymmetrical  H 
and  K,  and  H3  to  HB  absorption  cores  dis- 
placed by  — 150  km/sec  for  5  years.  About 
15  sharp  emission  lines  of  Ca  I,  Fe  I,  Ni  I, 
Ti  I,  and  Co  I  are  found  in  the  visual,  like 
those  in  p  Cas.  The  Na  I  lines  have  four 
shortward  displaced  components,  up  to 
—  144  km/sec;  Hoc  has  emission  longward 
and  —150  km/sec  absorption.  It  is  prob- 
able that  these  lines  may  change  rapidly, 
since  atoms  traverse  one  stellar  radius  in 
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only  10  days.  R  Puppis  (GO  la)  also  shows 
strong  shortward  displaced  D-line  compo- 
nents. 

Luminosities  from   Widths  of  H  and  K 
Reversals 

Wilson  has  determined  the  luminosities 
for  more  than  400  late-type  stars  from 
measurements  of  the  widths  of  the  H  and 
K  emission  lines  observed  in  their  spectra. 
For  a  number  of  these  stars  there  are  no 
modern  photoelectric  colors,  and  these  are 
being  supplied  by  Sandage.  When  the 
colors  become  available,  Wilson  plans  to 
publish  the  whole  material,  which  will  per- 
mit the  location  of  all  these  stars  in  the 
standard  color-magnitude  diagram. 

Magnetic  Stars 

During  the  year,  many  peculiar  stars, 
mostly  between  the  7th  and  10th  magni- 
tude, have  been  checked  for  magnetic  fields 
by  H.  W.  Babcock.  A  number  of  these 
have  been  suggested  by  other  observers  as 
a  result  of  photoelectric  observations,  and 
the  catalogue  of  peculiar  A  stars  compiled 
by  C.  Bertaud  has  been  a  most  useful 
source.  As  a  result,  the  number  of  stars 
definitely  shown  to  have  magnetic  fields 
now  stands  at  115.  Many  of  these  are  being 
observed  repeatedly  by  Babcock  with  the 
200-inch  telescope  and  coude  spectrograph 
in  order  to  establish  the  nature  of  the  mag- 
netic variations  and  to  provide  a  broader 
basis  for  relating  the  magnetic  character- 
istics to  anomalies  in  abundance  of  the  ele- 
ments and  in  spectral-energy  distribution. 

Several  A-type  stars  are  known  to  have 
periodically  varying  fields  that  show  nearly 
symmetrical  reversals  of  polarity,  but  it  is 
an  interesting  fact  that  no  periodic  mag- 
netic variable  without  polarity  reversal  has 
yet  been  identified.  Several  of  the  newly 
found  magnetic  stars  are  being  checked 
to  determine  whether  this  is  a  general  rule, 
for,  if  so,  it  will  have  a  significant  bearing 
on  the  theory  of  these  stars. 

Observations  of  the  remarkably  slow 
magnetic  variable  HD  187474  have  now 


been  obtained  every  year  since  1957.  In 
this  interval  the  field  has  gradually  changed 
from  -1900  to  +1800  gauss.  The  avail- 
able observations  are  consistent  with  a 
sinusoidal  variation  in  a  period  of  roughly 
7  years.  This  star  is  also  an  outstanding 
spectrum  variable  and  a  spectroscopic 
binary.  Radial  velocities  lie  in  the  range 
—  9  to  +14  km/sec  and  suggest  a  highly 
eccentric  orbit  with  a  period  close  to  700 
days. 

The  strong-field  star  HD  215441  reported 
on  last  year  has  continued  to  show  irregu- 
lar magnetic  fluctuations,  always  of  the 
same  polarity.  A  spectrogram  obtained  on 
October  7,  1960,  gave  +35.7  kilogauss  for 
the  effective  field,  the  strongest  yet  meas- 
ured. 

Miscellaneous  Spectroscopic  Studies 

Mr.  B.  R.  Leaton,  of  the  Royal  Green- 
wich Observatory,  had  called  attention  to 
the  6.0  mag  star  HD  101013  as  a  supposed 
supergiant  at  high  galactic  latitude.  In 
February  1961,  Griffin  found  it  to  be  a 
Ba  II  star,  the  tenth  to  be  discovered  and 
the  second  brightest  in  the  northern  hemi- 
sphere. Spectra  at  10  A/mm  in  the  blue 
and  15  A/mm  in  the  visual  region  have 
been  secured  at  the  100-inch  coude,  with 
a  view  to  comparing  chemical  abundances 
in  the  barium  stars  with  those  in  3 
Herculis. 

To  assist  projected  photoelectric  work  on 
late-type  stars,  a  photometric  atlas  of  the 
spectrum  of  a  Bootis  is  being  prepared  by 
Griffin.  A  series  of  excellent  spectrograms 
has  been  obtained  at  the  highest  possible 
dispersion,  covering  the  region  A3600  to 
A6800.  The  lengthy  task  of  producing  in- 
tensity tracings  from  these  spectrograms  is 
being  undertaken  with  the  micropho- 
tometer  at  Robinson  Hall.  The  apparent 
half-width  of  the  atmospheric  oxygen  lines 
near  A6300  is  0.065  A,  corresponding  to  an 
instrumental  resolving  power  of  slightly 
over  100,000.  The  stellar  lines  are  about 
three  times  as  wide  as  this.  The  wings  of 
the  instrumental  profile  have  been  studied 
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in  detail,  using  exposures  of  1  second  to  much,  if  any,  of  the  apparent  spread  in  the 

800  minutes  on  a  neon  discharge  tube.  color-type  relationship  can  be  confirmed. 

Merrill  has  compiled  a  list  of  about  480 

fairly  outstanding  lines  in  spectra  of  sun  Globular  and  Galactic  Clusters 

and  stars  for  which  satisfactory  identifica-  . 

tions  have  not  been  found.  For  admission  Photometric  data  for   the   old  galactic 

to  the  list  the  requirement  was  either  that  c1luster  NGC  188  were  completed  by  San- 

the   line    be   well   marked    (considerably  daSe  and  are  beinS  Prepared  for  pubhca- 

stronger  than  the  weakest  lines  recorded)  tlon*  7he  redde1ning  value  for  the  cluster  1S 

or  that  it  appear  with  reasonably  accordant  C"tlCal, m  dwlding  whether  NGC  188  ls 

wavelengths  in  two  or  more  stars.  older  tnan  ^  "'/ 

Spectra  of  the  brighter  stars  in  NGC  188 

Colors  and  Classifications  of  Late  Main-  werTe  obtained  by  Greenstein  and  Sandage 

Sequence  Stars  *  clarify  the  anomalous  situation  presented 

by  this  oldest  known  galactic  cluster.  The 

When    published    data    on    late    main-  spectra    were   classified   by   Keenan,   and 

sequence  stars  are  examined  (spectral  types  confirm  the  U,  B,  V  measurements  both  as 

from  Mount  Wilson,  photoelectric  colors  to  late  type  of  the  turn-off  point  (about 

by  Eggen),  it  is  found  that  stars  of  the  G3V)    and    the   absence   of   any    U  —  B 

same  types  with  a  range  of  color  of  about  excess.  Unlike  globular  cluster  stars  or  sub- 

0.25  mag  appear  to  exist.    Alternatively,  dwarfs,  the  metal  abundance  seems  to  be 

it  can  be  said  that  there  seem  to  be  stars  essentially  the  same  as  in  the  sun,  within 

of  the  same  color  which  cover  a  spectral  the  limits  of  accuracy  attainable  by  inspec- 

range  of  five  or  six  subdivisions  of  type,  tion  at  low  dispersion  (180  A/mm).  The 

On   the   assumption   that   this   spread   is  bright  giants,  types  Kl  to  K3,  luminosity 

largely  genuine,  Wilson  has  suggested  that  classes  Illab  to  IV,  may  have  a  slight  color 

it  might  be  accounted  for  by  a  real  range  in  excess  of  unknown  origin.  They  show,  at 

temperature  together  with  a  spread  in  the  80  A/mm,  no  definite  anomaly,  and  have, 

metal-to-hydrogen    ratio,    since    for    these  if  anything,  strong  CN  for  their  type  and 

stars  the  free  electrons  are  supplied  largely  luminosity.    Thus,  the  great  age  of  this 

by  the  ionization  of  the  metals.  This  is  a  system  is  not  accompanied  by  large  metal 

not    unreasonable    speculation,    since    for  deficiency,  indicating  that  nucleosynthesis 

these   stars   evolutionary   changes   should  in  the  galactic  disk  proceeded  very  rapidly 

presumably  be  small,  and  it  might  well  be  at  an  early  phase. 

expected  that  among  them  stars  of  a  variety  Spectra  were  also  taken  of  six  stars  near 

of  ages  and  of,  correspondingly,  a  variety  the   termination   point   in   M  67.    These 

of  chemical  compositions  might  be  found,  spectra  were  likewise  classified  by  Keenan, 

However,   some  of  the  spread   in    the  who  showed  that  the  mean  spectral  type 

color-type  diagram  must  be  due  to  errors,  of  the  M  67  stars  was  F9,  compared  with 

largely  in  the  classifications,  since  the  colors  G2  for  the  NGC  188  stars.  This  strongly 

are  undoubtedly  quite  accurate.   Thus  it  suggests  that  NGC  188  is  older  than  M  67. 

is  important  to  check  the  reality  and  mag-  Formal  ages  were  computed  by  Sandage 

nitude  of  the  effect,  and  for  this  purpose  for   the  two  galactic  clusters   M  67  and 

Wilson   is   obtaining   10   A/mm   spectro-  NGC    188   and   for   three   halo   globular 

grams  of  a  fairly  large  number  of  these  ob-  clusters,  M  3,  M  5,  and  M  13.   The  ages 

jects,  especially  of  those  that  seem  to  oc-  depend    exclusively    on    the    evolutionary 

cupy  the  more  extreme  positions  in  the  models  of  Hoyle.    The  values  computed 

color-type  plot.  These  plates  will  be  used  by  Sandage  are  between  9  and  10  X  109 

for  a  somewhat  limited  program  of  spectro-  for  M  67,  between  14  and  16  X  109  vears 

photometric  analysis  in  order  to  see  how  for  NGC  188,  22  X  109  years  for  M  13, 
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24  X  109  years  for  M  5,  and  26  X  109  years  no.  6  ^46  days,  no.  7  ~58  days).  The  re- 

for  M  3.  The  reality  of  these  very  long  ages  maining  variables  in  47  Tuc,  including  the 

is  not  considered  established  until  the  sensi-  variables  around  200  days  with  large  ampli- 

tivity  of  Hoyle's  models  to  changes  in  the  tudes,  are  still  being  analyzed, 

chemical  composition  is  determined.  In  oj  Cen  the  supposed  484-day  long- 

NGC  6838  is  the  only  one  of  Morgan's  period  variable  turns  out  to  have  a  major 

relatively  metal-rich  (characteristic  of  the  period  of  230  days,  more  in  keeping  with 

nucleus)    globular   clusters   that   is   close  periods  found  in  globular  clusters.    The 

enough  to  offer  the  hope  of  obtaining  V,  remaining  long-period  variables  in  w  Cen 

B  —  V  measures   on  its  main   sequence,  seem  to  be  very  irregular. 

The    difficult    photoelectric    and    photo-  These  results  are  of  extreme  interest  in 

graphic  observations  have  now  been  com-  comparison  with  the  periods  Baade  found 

pleted  by  Arp.  Preliminary  reductions  do  in  the  just-resolvable  red  variables  in  NGC 

not  yet,  with  certainty,  reach  the  main  185.    The   periods  he  found  were  133.4, 

sequence.  They  do  indicate,  however,  that  162.3,   243,   272,   and    452   days    (periods 

the  cluster  is  probably  somewhat  younger  courtesy  private  communication  by  van 

than  a  halo  cluster  but  that  it  is  not  as  Agt,  Leiden), 

metal-rich  as  disk  objects  of  the  same  age.  The  final   analysis   of  the   long-period 

NGC  2158  is  a  very  rich  galactic  cluster  variables  in  47  Tuc  and  gj  Cen  will  be 

at  longitude  +154°.    Its  color-magnitude  published  by  Arp,  Brueckel,  and  Lourens. 

diagram  is  almost  exactly  like  that  of  NGC  Photometry  of  Baade's  RR  Lyrae  region 

7789  (Burbidge  and  Sandage,  1958).  The  around  NGC  6522  in  the  galactic  nucleus 

results  are  ready  to  be  published  by  Arp  continues  to  be  analyzed  by  Arp.  Thirteen 

and  Cuffey.  hundred  fifty  stars  have  been  measured  in 

The  study  of  the  globular  cluster  M  5  has  two  colors.  The  color-magnitude  diagrams 

now  been  fully  completed,  and  the  results  of  stars  in  this  field  are  expected  to  give  a 

are  in  press.  Arp's  final  value  for  the  age  value  for  the  reddening  and  absorption  to 

of  M  5,  which  includes  an  attempted  ad-  the  nucleus  and  to  reveal  something  about 

justment  for  the  effect  of  chemical  compo-  the  kinds  of  stars  occurring  there, 

sition  on  the  model,  is  20  ±  4  X  109  years.  Color-magnitude     diagrams     for     two 

The  best  value  for  the  absolute  magnitude  young  clusters  of  the  Large  Magellanic 

of  the  RR  Lyrae  stars  in  M  5  is  Mv  —  +  0.6  Cloud  have  been  determined  by  Hodge, 

mag  ±  0.2  mag.  using  Boyden  Observatory  plates  and  a 

Photoelectric  and  photographic  observa-  photoelectric  sequence  obtained  by  Arp. 

tions  on  the  galactic  clusters  NGC  2420  and  For  NGC  1844  the  color-magnitude  dia- 

M  37  have  been  given  to  John  B.  Irwin,  gram  is  similar  to  that  of  NGC  4755  in 

Indiana  University,  for  final  reduction  and  the  Galaxy,  except  that  the  four  supergiant 

publication.  members  are  bluer  than  expected  and  are 

During  1957  and  1958,  numerous  photo-  arranged  vertically  rather  than  horizontally 
graphic  plates  in  B  and  V  were  taken  of  on  the  diagram.  The  results  for  NGC  1831, 
the  globular  clusters  47  Tucanae  and  oj  based  partly  on  plates  taken  by  Dr.  S.  C.  B. 
Centauri  by  Arp  at  the  Royal  Observatory  Gascoigne  with  the  Mount  Stromlo  74- 
in  Capetown,  South  Africa.  Brueckel  has  inch  reflector,  show  a  main  sequence  reach- 
measured  light  curves  in  B  and  V  for  eight  ing  up  to  visual  magnitude  18  and  a  strong 
long-period  and  semiregular  variables  in  horizontal  giant  branch  at  visual  magni- 
47  Tuc.  Nine  variables  in  gj  Cen  have  tude  15.5.  Thus,  the  main  sequence  is  simi- 
been  similarly  studied.  The  characteristic  lar  to  that  of  M  11,  but  the  giant  branch 
period  of  the  variables  just  at  the  red  end  of  NGC  1831  is  two  magnitudes  brighter, 
of  the  giant  branch  in  47  Tuc  is  in  the  Both  clusters  present  evidence  that  the 
neighborhood  of  50  days  (no.  5  - — '44  days,  chemical  composition  of  young  stars  in  the 
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LMC  is  different  from  that  in  the  Galaxy 
and  that  the  location  of  the  giant  branch 
of  young  clusters  is  a  sensitive  index  of  this 
fact. 

Wildey  completed  the  color-magnitude 
diagram  of  47  Tucanae  on  plates  taken  by 
Wesselink  at  Pretoria.  It  is  intermediate 
between  M  67  and  the  halo  clusters.  A 
heavily  populated  horizontal  branch,  de- 
void of  blue  stars,  starts  from  an  unusually 
red  color  index  on  the  giant  branch.  He 
validates  the  dependence  of  the  absolute 
magnitude  of  the  red-giant  branch  on 
metal  abundance;  the  brightest  stars  cannot 
be  used  as  distance  indicators  if  the  metal 
abundance  is  not  known. 

Wildey  is  completing  reduction  of  photo- 
electric and  photographic  photometry  of 
h  and  x  Persei  on  the  U,  B,  V  system.  In- 
trinsic colors  of  the  supergiants  are  being 
obtained  by  measurement  of  reddening  of 
adjacent  faint  stars.  About  600  stars  down 
to  17.5  mag  are  observed  to  investigate 
the  color-magnitude  diagram  after  selec- 
tion effects  are  removed  and  to  explore  the 
stars  in  the  contracting  phase. 

Photometry  of  Stars  of  High  Proper 
Motion 

A  pilot  program  to  find  new  subdwarf 
stars  by  photometry  using  the  20-inch 
Palomar  reflector  was  completed  during 
the  report  year  by  Sandage.  The  program 
has  extended  over  three  years.  A  list  of 
150  stars  with  high  proper  motion  of  great 
precision  was  furnished  by  Olin  Eggen  as 
part  of  his  extensive  program  on  space 
motions.  These  stars  were  known  to  be 
of  type  F,  G,  and  K.  Their  faint  apparent 
magnitude,  12  >  V  >  9,  makes  them  fairly 
distant.  Consequently,  a  high  proper  mo- 
tion means  high  space  motion,  and  there- 
fore good  candidates  for  subdwarfs.  The 
program  was  to  isolate  stars  having  a  large 
ultraviolet  excess  in  the  U  —  B  index.  Such 
stars  are  known  to  be  of  low  metal  abun- 
dance and  are  like  the  stars  on  the  main 
sequence  of  globular  clusters.    The  ulti- 


mate use  of  the  data  will  be  to  compute 
space  motions  to  find  candidates  for 
Eggen's  kinematic  moving  groups. 

About  30  per  cent  of  the  program  stars 
were  found  to  have  ultraviolet  excesses 
greater  than  0.10  mag.  About  10  per  cent 
have  the  maximum  excess  h(U  —  B)  — 
0.25  mag  attained  by  globular-cluster  mem- 
bers. A  program  of  radial-velocity  meas- 
urement was  begun  by  Sandage,  using 
the  200-inch  coude  spectrograph  18-inch 
camera  giving  a  dispersion  of  18  A/mm. 
Without  exception  all  stars  with  the  ex- 
treme value  of  the  excess  have  large  radial 
velocities.  Several  stars  were  found  to  have 
p  >  250  km/sec. 

Hess  Diagram  for  Bright  Stars 

Hiltner  and  Kraft  completed  a  paper 
on  the  Hess  diagram  for  stars  brighter  than 
My  —  —3.0  within  400  psc  of  the  sun. 
Intrinsic  (B  —  V)  colors  for  MK  F5  lb  to 
M2  lb  supergiants  were  also  derived.  It 
was  found  that  stars  brighter  than  Mv 
=  —3.0  and  not  on  the  main  sequence 
tended  to  accumulate  near  type  GO;  there 
are  very  few  M-type  supergiants  per  unit 
volume  of  space.  This  agrees  well  with 
the  Hess  diagram  given  by  Hodge  on 
bright  stars  in  the  Large  Magellanic  Cloud. 
However,  the  need  to  increase  the  size  of 
the  sample  of  supergiants  in  the  vicinity 
of  the  sun  was  especially  emphasized. 

Photometry  of  Individual  Stars 

In  cooperation  with  the  AAVSO,  Cragg 
has  taken  photovisual  plates  of  the  regions 
around  a  number  of  variable  stars  to  fix 
standards  for  use  in  making  visual  esti- 
mates of  the  magnitudes  of  the  variables. 
Charts  based  on  these  photographs  have 
been  constructed  for  the  regions  surround- 
ing the  following  variables:  X  Piscium, 
AF  Camelopardelis,  XZ  Aurigae,  RT 
Camelopardelis,  CW  Monocerotis,  ST 
Geminorum,  SX  Librae,  and  SN  4564. 
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GASEOUS  NEBULAE  AND  INTERSTELLAR  GAS 


A  program  has  been  started  by  Guido 
Munch  for  the  study  of  the  density  and 
temperature  variations  in  the  Orion  nebula. 
On  short-exposure  Ha  plates  taken  at  the 
prime  focus  of  the  Hale  telescope  with  a 
III-E  emulsion  and  an  RG2  filter,  the  inner 
parts  of  the  nebula  show  conspicuous 
small-scale  structure.  From  the  analysis  of 
these  plates,  Lewis  Smith  has  found  that 
the  mean-square  value  of  the  difference  in 
brightness  at  two  points  separated  by  a 
distance  d  varies  roughly  as  ^4/3,  down  to 
distances  of  the  order  of  4  seconds  of  arc. 
This  work  extends  the  lower  limit  of  the 
earlier  analysis  by  Shajn  and  Pickelner  by 
a  factor  of  4.  Three  small  bright  patches 
appear  outside  the  brightest  central  part 
of  the  nebula,  in  the  neighborhood  of  02 
Orionis  A.  The  one  at  31"  in  position 
angle  47°  from  G2  Ori  A  had  been 
noticed  by  Wurm  and  Rossino  to  be  nearly 
circular  and  to  have  a  diameter  of  about 
3".  The  plates  show  it  to  be  centered  on 
the  star  P2011  (Parenago  Catalogue)  and 
to  have  a  slightly  bright  edge  pointing 
toward  02  Ori  A.  Spectrophotometry  of 
this  object  has  been  carried  out  with  the 


Cassegrain  scanner  and  on  plates  taken 
with  the  nebular  spectrographs.  The 
analysis  of  these  data  by  Mendez  has  led  to 
a  temperature  of  4200  °K  and  a  density 
close  to  1000  cm-3,  as  compared  with  the 
values  9800 °K  and  100  cm"3  derived  for 
the  immediate  surroundings.  The  strong 
scattered  continuum  in  this  object  indicates 
that  it  contains  large  amounts  of  dust. 
Multislit  spectrograms  obtained  at  the  200- 
inch  coude  with  dispersion  of  4.5  A/mm 
show  bow-shape  lines  at  the  position  of  this 
object,  indicating  that  the  gas  is  expanding 
around  the  object.  The  work  on  the 
density  and  temperature  fluctuations  in  the 
Orion  nebula  will  be  extended  and  con- 
tinued next  season. 

The  survey  of  stars  imbedded  in  H  II 
regions  for  the  nebular  absorption  line  of 
He  I  at  A3888  was  continued  by  Guido 
Munch.  This  line  has  been  observed  in 
5  stars  associated  with  NGC  6523  (M  20) 
and  1  star  in  NGC  6514  (M  8).  It  has  not 
been  detected,  under  the  resolving  power 
set  by  4.5  A/mm  coude  dispersion,  in  stars 
associated  with  the  other  7  H  II  regions  of 
Sharpless'  catalogue. 


GALAXIES 


Structure  and  Rotation  of  the  Galaxy 

The  search  for  faint  new  OB  stars  in 
regions  with  galactic  longitudes  near  350°, 
11°,  and  30°  has  now  been  completed  by 
Guido  Munch.  Slit  spectrograms  of  about 
50  stars  previously  found  on  objective- 
prism  plates  taken  with  the  Tonanzintla 
schmidt  telescope  were  obtained  with  the 
Mount  Wilson  nebular  spectrograph  and 
the  X-Cassegrain  spectrograph  for  the  pur- 
pose of  classifying  the  spectra.  Photoelectric 
colors  have  also  been  obtained.  From  this 
source,  about  15  supergiants  with  types 
09  to  B3  were  selected  for  radial-velocity 
determinations.  The  spectrograms  are  now 
being  taken  mostly  by  Luis  Munch.  This 
work  is  an  extension  of  that  published  in 
the  Astrophysical  Journal,  volume  131,  page 


253,  1960,  and  has  as  an  objective  a  more 
exact  comparison  of  the  rotational  curve 
of  the  galactic  system  as  determined  by 
21-cm  observations  and  by  the  stellar  com- 
ponent. 

An  analysis  of  45  cepheids  in  a  limited 
sector  of  the  northern  Milky  Way  (Lacerta, 
Cassiopeia,  Camelopardalis,  and  Perseus) 
has  been  completed  by  K.  Bahner,  W.  A. 
Hiltner,  and  Kraft.  The  Perseus-Cassiopeia 
spiral  arm  is  outlined  by  cepheids  with 
<M°f>  <  —4.5;  the  structure  runs  from 
(/I  =  117°,  r  =  2000  psc)  to  (/I  =  70°, 
r  =  3800  psc).  The  position  agrees  fairly 
well  with  the  O-B  star  arm  of  Morgan, 
Code,  and  Whitford  and  the  21-cm  arm 
(Oort,  Kerr,  and  Westerhout).  The 
spectra    of    some    very    distant    northern 
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Milky  Way  cepheids  (e.g.,  TV  Camelopar- 
dalis)  suggest  that  they  are  metal-poor 
relative  to  hydrogen.  There  is  some  reason 
to  believe  that  these  are,  nevertheless,  "type 
I"  stars,  i.e.,  young  cepheids,  formed  from 
interstellar  material  of  low  metal  content. 

The  period-frequency  and  period-ampli- 
tude diagrams  for  these  stars  and  the 
cepheids  in  the  Small  Magellanic  Cloud 
have  certain  points   of  similarity. 

In  another  investigation,  Kraft  studied 
the  galactic  distribution  of  all  cepheids  hav- 
ing photoelectrically  determined  colors  and 
magnitudes.  Short  sections  of  the  spiral 
arm  were  again  outlined  by  cepheids  with 
<M°r>  <  —4.5  in  Cygnus  and  in  Sagit- 
tarius-Aquila.  An  unexpected  develop- 
ment was  that  the  cepheid  "arm"  near  the 
sun  seems  to  run  inside,  i.e.,  nearer  the 
center  of  the  Galaxy  than  the  sun,  whereas 
the  O-B  star  arm  (Morgan,  Code,  and 
Whitford)  runs  outside.  Extension  of  the 
diagram  to  the  "southern  hemisphere"  side 
runs  into  confusion  similar  to  the  interpre- 
tation of  the  21-cm  emission.  It  is  uncer- 
tain whether  the  cepheid  Cygnus  arm  runs 
oft"  into  Puppis  or  into  Carina.  Bifurcation 
of  the  arm  near  the  sun  may  be  possible 
but  cannot  be  definitely  established  at 
present. 

The  period-luminosity  relation  as  deter- 
mined by  Kraft  from  cepheids  in  open 
clusters  is  being  used  in  an  investigation 
by  Schmidt,  Kraft,  and  Hiltner  of  the 
solar  motion  and  the  parameter  A  of  dif- 
ferential galactic  rotation.  Preliminary 
estimates  yield  a  value  of  A  around  15  or 
16  km/sec/kpc. 

The  problem  of  the  distance  to  the  center 
of  the  Galaxy,  Ro,  has  been  reviewed,  and  a 
distance  has  been  calculated  by  Brandt 
using  the  expressions  for  the  mass  of  the 
Galaxy  in  terms  of  Ro.  An  estimate  of  the 
mass  is  obtained  through  a  comparison 
with  M  31,  and  a  value  of  Ro  =  10.5  ±  1.5 
kpc  is  obtained.  The  accuracy  of  this 
method  is  probably  comparable  with  that 
of  other  methods  of  determining  Ro. 


Rotation  of  Galaxies 

To  determine  the  law  of  rotation  of  the 
system  of  NGC  4594,  a  number  of  spectro- 
grams have  been  obtained  by  Guido 
Munch  at  the  prime  focus  of  the  Hale 
telescope.  Plates  at  66  A/mm  and  a  scale 
of  36"/mm  show  a  rapidly  rotating  nucleus 
with  an  average  angular  velocity  of  43 
km/sec  per  second  of  arc,  or  525  km/sec/ 
kpc  assuming  a  distance  of  16.8  mpc.  At 
distances  from  the  nucleus  greater  than  2" 
(or  0.16  kpc),  the  average  velocity  gradient 
is  conspicuously  less,  amounting  to  only 
46  km/sec/kpc  out  to  4  kpc.  No  "turn- 
over" of  the  rotational  velocities  as  ob- 
served in  M  31  by  Lallemand  and  Walker 
is  detectable,  however.  Emission  of  [O  II] 
A3726  to  A3729  shows  in  the  nucleus  and 
throughout  the  region  of  the  system  so  far 
surveyed.  The  two  components  are  not 
resolved,  as  they  are  in  the  central  parts  of 
M  31.  An  attempt  was  made  to  detect 
emission  in  the  flat  subsystem  at  the  ex- 
tremes of  the  apparent  major  axis,  but  it 
was  unsuccessful.  A  direct  photograph  in 
the  pass  band  A5100  to  A6300,  which  is 
essentially  free  of  emission  lines,  has 
proved  that  the  features  suggested  by  Lind- 
blad  to  be  H  II  regions,  on  the  basis  of  a 
photograph  in  the  near  ultraviolet,  are  not 
actually  emission  regions.  Surface  pho- 
tometry of  NGC  4594  is  being  carried  out 
on  direct  plates  taken  with  the  200-inch. 
All  the  data  related  to  this  system  will  be 
analyzed  in  collaboration  with  Lynden- 
Bell. 

The  observations  of  the  interstellar  gas 
in  the  nuclear  regions  of  M  31,  with  the 
prime-focus  spectrograph  of  the  Hale  re- 
flector, were  continued  by  Guido  Munch. 
Plates  of  the  [O  II]  A3726  to  A3729  emis- 
sion at  66  A/mm  have  now  been  obtained 
out  to  3  minutes  of  arc  from  the  nucleus 
on  either  side  of  the  major  axis.  A  few 
exposures  in  Ha  at  110  A/mm  have  been 
made.  The  Ha  line  is  indeed  detectable  in 
the  same  regions  where  the  [O  II]  has 
been  observed.  The  contrast  of  the  Ha 
line  with  the  spectrum  of  the  unresolved 
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stellar  component,  however,  is  not  as  favor-  tometry  of  about  1000  points  (in  B  and  V) 

able  as  in  the  case  of  the  [O  II]  lines.  For  in  M  81  observed  at  McDonald  Observa- 

this  reason,  the  [O  II]  lines  will  be  mainly  tory  is  being  carried  out  by  Brandt.    A 

used  until  the  program  is  completed  next  major  problem  is  presented  by  the  sky  vari- 

fall.  ations.  The  blue  sky  is  found  to  be  much 

The  rotation  curve  of  M  33  is  being  re-  less  variable  than  the  yellow;  this  result  is 

determined  by  Brandt  with  the  B-spectro-  probably  due  to  the  fact  that  the  yellow 

graph  using  a  dispersion  of  100  A/mm.  filter    covers    the    bright    night-sky    lines 

About  40  spectra  have  been  obtained  out  A5577,  A6300,  and  A6364. 

to  30  minutes  from  the  center.   The  goal  The  properties  of  some  of  the  dwarf 

is  about  100  spectra.  elliptical  galaxies  of  the  local  group  have 

been  studied  by  Hodge,  using  the  48-inch 

Photometry  schmidt  and  the  100-inch  reflector.    The 

distributions  of  stars  in  the  Leo  I,  Leo  II, 

Sandage  began  a  program  of  U,  B,  V  Draco,  Sculptor,  and  Fornax  systems  have 

photoelectric  photometry  of  galaxies  in  the  been  determined  from  star  counts  to  vari- 

Coma  cluster  with  the  200-inch  as  a  first  ous    limiting    magnitudes.     Photoelectric 

step  in  finding  the  stellar  content  of  E  and  and     photographic     surface    photometric 

SO  galaxies.  Knowledge  of  this  content  is  methods  have  been  used  to  obtain  the  dis- 

needed  to  obtain  the  change  of  absolute  tribution  of  luminosity  across  the  faces  of 

magnitude  due  to  stellar  evolution  in  the  the  dwarf  galaxies  NGC  147,  NGC  185, 

time  it  takes  light  to  travel  from  distant  and  NGC  205.  In  each  of  the  eight  galaxies, 

galaxies.  Observations  for  about  30  galaxies  the  distribution  with  radius  of  stars  or 

were  completed.  The  observations  consist  luminosity  agrees  with  the  Hubble  inter- 

of  deflections  in  three  colors,  ultraviolet,  polation  formula  in  the  inner  regions  but 

blue,  and  violet,  with  four  different  meas-  departs  greatly  from  it  in  the  outer  regions, 

uring  diaphragms  per  color.  The  prelimi-  The  observed  distribution  falls  off  much 

nary  data  show  that  the  brightest  galaxies  more  steeply  than  the  formula  predicts, 

are  redder  than  the  fainter  ones.  A  range  and  for  each  galaxy  a  very  definite  limiting 

of  6  magnitudes  in  the  cluster  members  radius  is  reached.  This  radius  is  found  to 

has  been  observed  so  far.  be  of  the  same  order  as  the  tidally  limited 

In  collaboration  with  the  Sandage  pro-  radius  for  the  system  imposed  upon  it  by 

gram,  Oke  is  using  the  photoelectric  spec-  the  giant  galaxy  in  its  neighborhood, 

trum-scanner    to    measure    the    absolute-  The   structure    of   each   of   the    dwarf 

energy  distributions  in  the  spectra  of  the  galaxies  is  smooth  and  geometrically  regu- 

central  regions  of  galaxies.  The  resolution  lar,  except  for  a  slight  apparent  asymmetry 

is  50  A,  and  the  spectral  region  extends  in  the  center  of  the  Fornax  system.  Two 

from  A3400  to  A6000.  At  the  present  time  new  globular  clusters  have  been  found  in 

18  galaxies  have  been  measured.  The  ma-  the  Fornax  galaxy,  and  a  comparison  of 

jority  of  these  are  giant  elliptical  systems  the  five  globulars  with  the  parent  galaxy 

in  the  Virgo  cluster.   NGC  4874  and  one  indicates  that   the  brightest  stars  in  the 

other  fainter  member  of  the  Coma  cluster  clusters,  which  agree  closely  among  them- 

have  been  measured.  The  data  are  being  selves  in  magnitude,  are  a  few  tenths  of  a 

used  to  compute  the  necessary  K  correc-  magnitude  fainter  than  those  in  the  main 

tions  for  distant  galaxies.  The  energy  dis-  galaxy.   The  projected  density  of  stars  in 

tributions  are  being  compared.  An  attempt  the  clusters  is  at  least  10  times  greater  than 

will  be  made  to  synthesize  these  energy  in  the  densest  part  of  the  galaxy  itself.  An 

distributions  by  combining  energy  distri-  uncalibrated  color-magnitude  diagram  of 

butions  of  various  kinds  of  stars.  the  Sculptor  system  indicates  that  it  is  very 

Reduction    of    the    photoelectric    pho-  similar  to  the  Draco  system,  studied  by 
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Baade    and    Swope,    though    Sculptor    is 
richer  in  stars. 

Photoelectrically  calibrated  surface  pho- 
tometry of  galaxies  has  been  carried  out  by 
Hodge  to  determine  the  characteristics  of 
luminosity  and  color  in  different  parts  of 
galaxies  of  various  types.  Photoelectric 
measures  have  been  made  for  a  large  num- 
ber of  points  in  each  galaxy,  and  photo- 
graphic plates  have  been  used  to  interpolate 
between  these  points.  Fairly  complete  data 
have  been  obtained  for  a  number  of  gal- 
axies in  the  local  group,  the  Leo  group, 
the  Fornax  cluster,  the  NGC  7619  group, 
the  NGC  128  group,  the  Virgo  cluster,  the 
NGC  3193  group,  and  the  NGC  380  group, 
as  well  as  for  a  few  isolated  galaxies  pri- 
marily of  the  SO  type. 

Spectra  and  Chemical  Composition 

Present  considerations  regarding  the 
evolution  of  stars  suggest  that  the  abun- 
dance of  helium  and  metals  in  the  inter- 
stellar gas  will  increase  with  time.  If  no 
radial  mixing  of  gas  takes  place  in  a  galaxy, 
the  enrichment  should  be  larger  in  the 
interior  than  in  the  exterior  parts  of  a 
galaxy.  Spectra  taken  by  Schmidt  with  the 
prime-focus  spectrograph  at  the  200-inch 
telescope  showed  that  the  helium  D3  to 
H(3  line  ratio  in  three  H  II  regions  in  M  31 
(at  distances  of  25',  70',  and  89'  from  the 
center)  is  essentially  constant.  The  impli- 
cations regarding  the  helium-to-hydrogen 
abundance  ratio  are  still  being  investigated, 
but  it  seems  likely  that  the  abundance  ratio 
is  constant.  If  this  is  so,  radial  mixing 
throughout  the  galaxy  must  have  been  ef- 
fective, or  the  primeval  gas  must  have  con- 
tained appreciable  amounts  of  helium.  A 
further  complication  arises  from  the  fact 
that  different  investigators  find  almost 
identical  helium  abundances  in  H  II  re- 
gions in  galaxies  of  different  types. 

Catalogue  of  Galaxies  and  Clusters  of 
Galaxies 

The  first  volume  of  the  projected  five- 
volume  catalogue  of  galaxies  and  clusters 


of  galaxies  has  now  been  published  by 
Zwicky  and  Herzog.  It  covers  the  area 
from  7h  to  18h  in  right  ascension  and  —3° 
to  +15°  in  declination.  The  second  vol- 
ume, which  is  being  worked  on  by  the 
same  authors,  is  expected  to  be  ready  for 
publication  early  in  1962  and  will  cover 
the  area  from  6h  to  19h  in  right  ascension 
and  +15°  to  +33°  in  declination.  Work 
on  the  third  volume,  which  is  concerned 
with  the  southern  galactic  hemisphere,  has 
been  started  by  Zwicky  and  P.  Wild  (in 
Berne).  The  project  has  received  financial 
support  from  the  Office  of  Naval  Research, 
the  National  Science  Foundation,  and  the 
Swiss  National  Science  Fund. 

A  series  of  statistical  reductions  of  the 
data  contained  in  the  first  volume  has 
been  completed  by  Zwicky,  Herzog,  and 
Gomes  and  will  be  published  as  a  book. 
These  reductions  involve  the  following 
topics:  (1)  plots  of  numbers  of  galaxies 
per  square  degree  in  different  magnitude 
ranges;  (2)  plots  of  numbers  of  galaxies 
per  larger  unit  areas  in  different  magni- 
tude ranges;  (3)  plots  of  numbers  of  gal- 
axies in  integrated  magnitude  ranges;  (4) 
plots  as  under  1,  2,  3  of  summed-up  ap- 
parent luminosities  for  all  galaxies  in  the 
ranges  and  areas  chosen;  (5)  graphic  repre- 
sentation of  the  results;  (6)  deduction  of 
interstellar  absorbing  dust  within  the  gal- 
axy; (7)  plots,  individually,  of  the  numbers 
of  near,  medium  distant,  distant,  very 
distant,  and  extremely  distant  clusters  of 
galaxies;  (8)  correlations  of  the  numbers 
of  near  and  medium  distant  clusters  with 
the  numbers  of  very  distant  and  extremely 
distant  clusters;  (9)  correlations  of  the 
numbers  of  near-by  bright  galaxies  with 
the  numbers  of  very  distant  and  extremely 
distant  clusters  of  galaxies;  (10)  the  num- 
bers Nydy  of  compact  clusters  of  galaxies 
which  have  been  investigated  as  a  function 
of  their  angular  size  y-  The  results  obtained 
check  the  expectation  Ny  ~  1/y4,  a  relation 
that  holds  for  a  flat,  nonexpanding  uni- 
verse, uniformly  populated  throughout. 
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Velocities  in  Clusters  of  Galaxies 

About  60  additional  spectra  of  galaxies 
in  clusters  or  interconnected  multiple  sys- 
tems were  obtained  during  the  year  by 
Zwicky.  Attention  was  particularly  con- 
centrated on  the  medium-rich  cluster 
CI  0124  —  0138,  for  which  spectra  and  ve- 
locities of  recession  for  about  50  member 
galaxies  are  now  available.  Humason  co- 
operated in  the  reduction  of  the  data.  More 
spectra  were  likewise  obtained  for  the 
clusters  in  Fornax,  Cancer,  Hydra  (I), 
and  Coma.  Basing  the  mass  determina- 
tions on  the  virial  theorem,  the  previous 
findings  are  confirmed,  namely,  that  Cl 
0124  —  0138  and  the  well  known  clusters  in 
Cancer,  Hydra  I,  and  Coma  are  nonex- 
panding  and  that  with  rising  total  popula- 
tion of  a  group  or  cluster  the  indicative 
mass-luminosity  ratio  rises  from  10  to  about 
400. 

Luminosity  Function 

During  the  past  25  years  more  and  more 
dwarf  stellar  systems  have  been  discovered. 
As  a  result,  it  is  clear  that  the  luminosity 
function  found  by  the  earlier  observers 
must  be  modified.  Zwicky  now  believes 
that  the  real  luminosity  function  increases 


I.    R.A.6h50m138 
II.    R.A.21h43m56a 


monotonely  with  decreasing  brightness  of 
the  system.  He  has  recently  been  concerned 
with  observations  of  near-by  very  small 
galaxies  (brightness  between  102  and  104 
suns) .  Two  of  these  systems  are  at  (Epoch 
1950) : 

Decl.  +16°59'35"  (found 
by  Zwicky  in  1959) 

Decl.  — 21°28'48"  (Capri- 
corn system) 

Spectra  of  the  brightest  stars  have  now 
been  obtained  at  185  A/mm  and  widened. 
These  spectra  turned  out  to  be  those  of 
"ordinary"  G  and  K  giants,  some  with 
peculiarities.  System  I,  disregarding  inter- 
stellar absorption,  is  at  60  kpc  from  the 
center  of  the  Galaxy.  Work  will  be  con- 
tinued intensively,  since  the  observation  of 
spectra  of  individual  stars  in  extragalactic 
stellar  systems  promises  to  provide  a  valua- 
ble check  on  the  use  of  color  photometry 
and  the  absolute  magnitudes  of  variables 
for  distance  determinations  and  for  studies 
of  the  effects  of  interstellar  absorption. 

The  first  example  of  an  extragalactic 
group  of  stars  with  fewer  than  100  mem- 
bers may  be  a  system  found  recently  by 
Zwicky  at  R.A.  6h43m248,  decl.  +22°27 
(1950).  This  and  other  extragalactic  "mul- 
tiple stars"  will  be  investigated  further. 


RADIO  SOURCES 


Working  at  Bishop  with  the  radio  tele- 
scope of  the  California  Institute  of  Tech- 
nology, Dan  Harris  studied  the  radio  emis- 
sion at  960  Mc/s  of  several  of  the  large 
galactic  emission  nebulae  of  strange  ap- 
pearance, observed  optically  by  Minkowski. 
These  seem  to  be  supernova  remnants.  A 
new  extended  radio  source  was  suggested 
as  identification  for  four  faint  emission 
arcs  which  outline  an  area  of  1°  width 
centered  at  00h02m,  +72°30'  (1950). 

An  interesting  identification  of  the  radio 
source  3C48  was  made  by  Bolton  and 
Matthews  of  the  radio  group  and  by  Green- 
stein,  Guido  Munch,  and  Sandage.  This 
object  has  a  very  small  radio  angular  di- 
ameter and  appears  to  be  a  16th  mag  star 


associated  with  a  very  faint  red  nebulosity 
(about  3"  X  8").  The  small  size  indicates 
that  the  star,  or  matter  in  its  immediate 
neighborhood,  is  nearly  as  strong  an 
emitter  of  radio  waves  as  the  Crab  Nebula. 
The  star's  energy  distribution  from  its 
U ,B,V  colors  is  consistent  with  the  radio 
and  optical  energy  being  produced  by 
synchrotron  radiation  from  relativistic  elec- 
trons in  a  magnetic  field.  Spectra  show  the 
star  to  be  extraordinary.  Superposed  on  the 
continuum  are  some  broad,  shallow,  un- 
identifiable absorption  lines  and  several 
broad  emission  lines.  The  strongest,  at 
A3835,  cannot  be  identified;  A4686  of  He  II 
and  a  few  weaker  lines  are  present.  Green- 
stein  believes  that  the  star  is  the  remnant 
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of  a  very  old  supernova  (104  to  105  years)  of  extraterrestrial  radio  sources  have  been 

that  has  dissipated  its  gaseous  envelope.  determined  with  increasing  accuracy.  The 

The  identification  of   the  strong  radio  unusual  situation  has  arisen  that  the  posi- 

source  Herculis  A  has  been  in  doubt  for  tions  of  many  of  them  are  now  known 

some  time.  Radio  observations  by  Maltby,  with  just  about  the  same  precision  as  those 

Moffet,  and  Matthews   suggested   that  a  of    their   optical   counterparts — that   have 

large  double  radio  source  was  nearly  cen-  been  identified — despite  the  difference  in 

tered  on  an  extragalactic  nebula  of  about  wavelength  of  the  order  of  10e  to  1  operat- 

18  magnitude.    Greenstein  finds  a  broad-  ing  against  the  radio  astronomers.  In  order 

ened,  strong  A3727  emission  to  be  present  to  improve  the  accuracy  of  the  optical  posi- 

with  a   redshift   of  50,000   km/sec.    The  tions  of  certain  radio  sources,  astrometric 

galaxy  has  a  very  high  luminosity,  Mv  ^  measurements  have  been  made  by  Griffin 

—21  or  —22,  but  the  most  striking  result  upon  26  plates  taken  of  the  vicinities  of 

is  the  diameter  of  the  radio  source,  about  23  sources  with  the  48-inch  schmidt  in  De- 

300,000  parsecs.  cember  1960.  Twenty-one  further  sources 

Parker  gathered  data  on  the  optical  spec-  were  observed  in  June  1961  under  consid- 

trum    of   nonthermal    radio   sources.    At  erably  more  favorable  conditions  of  seeing 

present  this  program  includes  five  sources:  and    transparency,   and    measurement    of 

IC  443,  NGC  6888,  the  Cygnus  Loop,  and  these  is  in  hand.  A  large  part  of  the  total 

the  nebulosities  associated  with  the  radio  error  in  the  determination  of  the  position 

sources  HB  9  and  S  147.  Of  these  five,  only  of  an  object  from  its  image  on  a  schmidt 

IC  443  and  the  Cygnus  Loop  lend  them-  plate  may  arise,  especially  for  a  nebulous 

selves  to  extensive  study  with  the  instru-  object,  in  the  bisection  of  its  image  with 

ments  available — primarily  the  B-spectro-  the  crosswire  of  the  measuring  instrument, 

graph  on  the  60-inch;  several  filaments  are  To  circumvent  this  difficulty,  the  positions 

being  studied  in  each  of  these  two.  of  a  number  (6  to  10)  of  faint  stars  are 

Observations  are  being  made  in  three  measured  within  about  3  min  of  the  source, 

spectral  regions :  the  extreme  red,  including  and  the  positions  are  transferred  to  the  re- 

the  emission  lines  of  [S  II],  [N  II],  and  quired  object   upon   a   200-inch  plate  of 

Ha;  the  green,  including  the  emission  lines  about  six  times  the  scale.   Two-hundred- 

of  [O  III]  and  HP;  and  the  ultraviolet,  inch  plates  are  available  for  most  of  the 

including  the  emission  lines  of  [O  II]  at  objects  on  the  current  program;  determina- 

A3727.    No  continuum  has  been  detected  tion  of  the  field  distortion  introduced  by 

to  date.  The  photoelectric  scanner  was  also  the  Ross  //3.67  corrector  is  under  way. 

used   so   that  absolute  intensities  of   the  The  standard  error  of  one  determination 

various  lines  could  be  obtained,  and  the  of  the  position  of  an  object  in  this  manner 

emulsion   sensitivity  was  calibrated   as  a  cannot  yet  be  decided,  but  it  will  not  be 

function  of  wavelength  by  the  A0V  star  larger  than   ±0.6  sec  and  may  approach 

109  Virginis,  whose  energy  distribution  has  0.25  sec  under  favorable  conditions.  At  this 

been  determined  by  the  scanner.   Finally,  level  of  accuracy,  it  is  found  that  any  re- 

to  determine  the  reddening  in  the  direction  gion  1  deg  (5  cm)  in  radius  is  sensibly 

of  the  objects  there  are  observations  of  the  linear  in  its  portrayal  of  the  sky  on  a  10- 

U,  B,  V  magnitudes  of  B  stars  in  their  im-  inch-square  plate  taken  with  the  48-inch 

mediate  vicinity.  The  results  should  give  schmidt,  unless  the  region  is  very  close  to 

information  about  certain  such  anomalies  the  edge  of  the  plate,  but  one  square  term 

as  the  existence  of  red  and  blue  filaments  is  necessary  in  the  reduction  for  declina- 

and  the  observation  that  the  brightest  radio  tion  to  take  account  of  the  curvature  of 

region  of  the  Cygnus  Loop  is  rather  devoid  the   lines  of  constant   declination    (other 

of  filaments.  than  the  celestial  equator)  in  the  sky. 

During  the  past  few  years,  the  positions  Each  determination  rests  upon  the  posi- 
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tions  of  8  to  13  catalogue  stars  chosen  as 
nearly  as  possible  symmetrically  with  re- 
spect to  the  source.  In  the  declination  zone 
+  30°  <  8  <  +50°  no  proper  motions  are 
available  except  in  the  GC,  and  those  for 
stars  that  are  too  few  and  too  bright  for 
the  present  purpose.  In  this  zone  recourse 
is  had  to  the  AGK2,  now  about  thirty  years 
old,  and  stars  giving  residuals  much  in 
excess  of  1  sec  are  arbitrarily  rejected.  For 
the  other  declinations  encountered  in  the 
present  work,  Yale  zone  catalogues  are 
available.  In  some  fields  the  residuals  ob- 
tained for  Yale  stars  are  appreciably  larger 
than  should  arise  from  the  apparent  errors 


of  measurement  and  the  quoted  catalogue 
accuracy.  That  these  excessive  errors  (0.6 
to  1.0  sec)  are  not  due  to  measurement 
errors  is  sufficiently  demonstrated  by  the 
fact  that  they  are  reproduced  when  the 
plate  is  measured  after  180-deg  rotation  in 
its  own  plane — a  procedure  adopted  in  the 
hope  of  removing  "magnitude  error"  in 
the  derivation  of  positions  for  faint  stars 
from  those  of  bright  ones.  That  they  are 
not  due  to  distortion  or  other  effects  in  the 
schmidt  plate  is  shown  by  their  repetition 
on  other  plates,  including  one  grossly  de- 
centered  plate. 


THEORETICAL  STUDIES 


Stellar  Atmospheres 

Cayrel  and  Jugaku  computed  40  model 
atmospheres  on  the  Burroughs  220,  in  the 
temperature  range  0e  =  0.7  to  1.4,  for  main- 
sequence  stars  with  metal  abundances  from 
0.01  to  1.0  times  that  in  the  sun.  The 
machine  prints  out  the  emergent  flux,  the 
source  function,  the  weight  function,  and 
the  population  of  various  excited  levels  of 
important  neutral  and  ionized  atoms.  In 
addition,  the  strengths  of  weak  lines  are 
computed.  If  A  is  the  H/metal  abundance, 
the  strength  of  weak  lines  as  a  function  of 
metal  abundance  can  be  written  as 
W  —  A~n  and  n  is  determined  for  differ- 
ent elements.  At  0e  ==  1.4,  n  ranges  from 
0.9  to  0.6  for  neutral  resonance  lines  and 
from  0.5  to  0.3  for  ions.  Thus  a  quantita- 
tive basis  for  the  line  blanketing  in  metal- 
poor  stars  is  provided,  at  small  Be,  n  =  1, 
while  in  cooler  stars  n  becomes  small,  but 
seldom  zero.  (In  fact,  pressure-broadened 
lines  in  cool,  metal-deficient  dwarfs  can 
even  be  strengthened.)   This  very  signifi- 


A  in  K  dwarfs,  where  the  free  electrons 
come  from  the  metals. 

Oke  and  Searle  have  written  a  program 
for  the  computation  of  Hy  line  profiles 
using  the  Kolb-Griem  theory,  and  obtained 
the  profiles  for  a  grid  of  surface  gravities 
and  temperatures  of  interest  in  the  study 
of  RR  Lyrae  stars.  Comparison  with  SU 
Draconis  and  a  standard  F2  II  star,  v 
Herculis,  gives  excellent  agreement  for  the 
metal-deficient  star  but  is  less  satisfactory 
for  v  Her  where  the  continuum  even  on 
high-dispersion  spectra  is  depressed  about 
5  per  cent  by  line  blanketing.  The  line 
profiles  should  provide  temperatures  with 
an  accuracy  similar  to  that  of  photoelectric 
scans  and  should  be  independent  of  inter- 
stellar reddening. 

Roger  Cayrel  and  Traving  studied  the 
broadening  of  the  solar  Balmer  lines  and 
their  center-limb  variation.  The  Kolb- 
Griem  theory  was  found  to  give  a  mark- 
edly improved  agreement  with  observa- 
tions; moreover,  resonance  broadening  is 


cant  result  will  eventually  explain  the  be-      important  for  Ha.  The  depression  of  the 


havior  of  the  line  blanketing  on  the  U,  B,  V 
system.  The  U  —  V  excess  becomes  large 
for  metal-poor  F  and  G  stars,  and  stays 
about  constant  in  the  late  G  and  K  stars. 
A  more  elementary  theory  would  have 
predicted   that   n  =  0,   i.e.,   that  the   line 


solar  continuum  by  blanketing  is  also  sig- 
nificant. Temperature  fluctuations  have 
only  minor  effect  if  AT/T  is  about  5  per 
cent  in  the  granulation. 

The  determination  of  atmospheric  pa- 
rameters of  stars  with  the  help  of  a  net- 


strength   would    become   independent   of      work  of  gray  models  has  been  investigated 
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by   Houziaux.    Comparison  between  ob-  On  the  basis  of  this  admittedly  uncertain 

served   equivalent  widths  and  computed  model,  the  photographic  luminosity  of  the 

widths  shows  that  gray  models  cannot  pro-  solar  neighborhood  would  decrease  by  10 

vide   sufficient    accuracy    for   the    surface  per  cent  per  billion  years,  the  color  becom- 

gravity  and  the  effective  temperature.  The  ing  progressively   redder   at   the   rate   of 

reason  for  the  inadequacy  originates  in  an  +0.03  mag  in  both  B  -  V  and  U  —  B 

erroneous    temperature    gradient    in    the  per  billion  years, 
outer  layers  of  the  stars.    On  the  other 

hand,  for  stars  above  the  main  sequence,  ~  , 
the  effects  of  microturbulence  cannot  be  y 
neglected.  The  problem  of  the  travel  time  for  light 
In  order  to  interpret  infrared  spectra  of  from  distant  galaxies  of  given  redshift  was 
early-type  stars  obtained  with  the  100-inch  studied  by  Sandage.  Equations  in  closed 
telescope,  the  absorption  coefficient  for  high  form  were  derived  for  this  time  as  a  func- 
hydrogen  lines  has  been  computed  by  tion  of  the  present  value  of  the  Hubble 
Houziaux.  The  available  approximations  parameter,  the  observed  redshift  z,  and  the 
of  the  broadening  theory  have  been  com-  present  value  of  the  deceleration  parameter 
pared.  They  do  not  differ  very  much  in  qQ.  The  travel  time  was  shown  to  be 
the  wings  of  the  lines.  At  the  line  center,  strongly  dependent  on  the  model  of  the 
however,  a  serious  discrepancy  has  been  universe  which  is  specified  by  the  value  qo. 
found.  Doppler  effect  has  also  been  taken  The  models  considered  were  (1)  the  Fried- 
into  account.  The  absorption  coefficient  man  type  with  zero  pressure  and  zero  cos- 
has  been  obtained  at  the  wavelengths  cor-  mological  constant,  and  (2)  the  steady- 
responding  to  the  center  of  the  lines  H  10  state  case  (qo  =  —1).  Tables  were  com- 
to  H  16,  P  12  to  P  16,  and  at  one  wave-  puted  for  the  travel  time  as  a  function  of 
length  between  each  pair  of  lines.  Fluxes  z  and  qo.  For  the  cluster  3C295  with  a 
at  all  these  wavelengths  will  then  be  com-  redshift  of  z  =  0.461,  the  time  it  has  taken 
puted  for  a  network  of  models  and  will  be  light  to  travel  to  us  varies  from  0.32^o  for 
compared  with  observed  spectra.  q0  =  0  to  0.56ft)  for  qo  =  5,  where  to  is  the 

time  since  the  beginning  of  the  expansion. 

Star  Formation  For  qo  =  1  the  travel  time  is  0A7to.  This 

.  ,            .                ,          r  means  that,  if  qo  —  1  is  the  correct  model, 

In  an  article  on  the  rate  of  star  lorma-      „._  ,_  ,    ,     ,    j, t  ,    ,f _  ,u 


tion  (Astrophys.  ].,  129, 243, 1959),  Schmidt 
described  a  model  of  the  evolution  of  the 


we  look  back  almost  halfway  to  the  crea- 
tion event  in  time. 

In  this  immense  time  interval  the  stellar 
sun  s  neighborhood  based  on  the  assump-  .   .         .     .       ,  ,  .     0^->nc 

tion  that  the  rate  of  formation  of  stars  "****}  o£  the  *&*?  observf;d  m.  3C2?5 
varies  with  the  square  of  the  gas  density.  ™*\  have  evo!ved>  theffby  changinS  *e 
Further  considerations  show  that  for  stars  absolute1  magnitudes.  Corrections  to  the 
of  around  1  solar  mass  the  rate  of  formation  observed  apparent  magnitudes  of  distant 
may  have  varied  but  little  over  the  life-  galaxies  for  this  evolutionary  effect  must 
time  of  the  Galaxy.  A  model  was  de-  be  made  before  the  redshift  apparent  mag- 
veloped  in  which  the  luminosity  function  is  nitude  relation  can  be  used  to  obtain  the 
variable,  such  that  the  formation  rate  of  the  correct  value  of  q0.  Adopting  a  schematic 
most  massive  stars  varies  with  the  cube  model  for  the  stellar  content  of  elliptical 
of  the  gas  density,  whereas  for  stars  around  galaxies,  Sandage  computed  that  evo- 
a  solar  mass  or  less  it  varies  as  the  gas  lutionary  change  in  the  galaxies  in  3C295 
density  itself.  The  computations  suggest  amounts  to  0.38  mag  in  the  light  travel 
that  white  dwarfs  might  take  up  as  much  time.  If  the  observed  value  qo  is  + 1,  Un- 
as one-quarter  of  the  local  mass  density,  corrected  for  the  evolution  effect,  the  true 
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value  is  close  to  qo  =  +0.2  when  this  to  the  stellar  content  assumed.  Until  the 
schematic  evolutionary  correction  is  ap-  stellar  content  is  known  from  observational 
plied.  However,  the  result  is  very  sensitive      work,  the  problem  remains  unsolved. 

INSTRUMENTATION 


Solar  Magneto  graph 

The  photoelectric  principle  of  the  solar 
magnetograph  provides  not  only  high  sen- 
sitivity but  also  the  possibility  of  well 
calibrated  output  for  quantitative  measure- 
ments. A  considerable  step  forward  toward 
achieving  good  stability  and  a  more  nearly 
quantitative  record  of  magnetic  fields  on 
the  sun  was  made  by  H.  W.  Babcock  dur- 
ing the  year  by  installing  new,  highly 
stable  amplifiers  and  a  new  recording  cir- 
cuit in  the  magnetograph  at  the  150-foot 
tower. 

This  instrument  has  for  some  years 
employed  an  11-step  image  slicer  for  in- 
creasing the  available  light  input.  Double 
slits  in  the  focal  plane  of  the  spectrograph 
accept  light  from  two  magnetically  sensi- 
tive lines,  A5250  (Fe  I)  and  A5247  (Cr  I), 
from  which  it  passes  to  two  10-stage  elec- 
tron-multiplier phototubes.  The  photo- 
tubes are  now  connected  to  the  differential 
input  of  a  new  Epsco  amplifier  which  has 
a  gain  of  2000  and  a  high  degree  of  stabil- 
ity. After  demodulation  of  the  60-cps 
signal  by  a  mechanical  chopper  and 
smoothing  by  a  filter  with  a  time  constant 
of  a  small  fraction  of  a  second,  the  signal 
is  further  amplified  by  a  stabilized  Kintel 
d-c  amplifier  with  calibrated  gain  and 
floating,  differential,  low-impedance  out- 
put. It  drives  a  specially  constructed  cir- 
cuit for  discriminating  as  to  signal  polarity 
and  amplitude.  This  employs  a  series  of 
thyratrons  whose  step-biased  grids  are 
connected  in  a  calibrated  signal-driven 
array.  The  discriminator  generates  for 
display  on  a  high-resolution  cathode-ray 
tube  a  1-millimeter  vertical  trace  which, 
at  a  signal  level  of  2  gauss,  is  made  to 
slant  to  right  or  left  to  indicate  magnetic 
polarity.  At  higher  calibrated  signal  levels 
of  6,  10,  15,  25,  40,  and  60  gauss,  the  trace 
undergoes  abrupt  increases  in  brightness 


or  identifiable  changes  in  form,  such  that, 
as  automatic  scanning  of  the  sun's  image 
proceeds,  the  synchronously  deflected  trace 
on  the  cathode-ray  tube  builds  up  a  con- 
formal  record  of  the  magnetic-field  pattern 
of  the  sun.  This  record  is  equivalent  to  a 
7-level  contour,  with  polarity  indication, 
and  contains  more  than  2  X  105  bits  of 
information. 

The  magnetograph  is  being  used  for 
daily  scans  of  the  entire  disk  of  the  sun 
with  a  resolution  of  about  23  seconds  of  arc, 
or  1/80  of  the  sun's  diameter.  With  the 
new  recording  system,  a  large  amount  of 
information,  ranging  from  the  weak  polar 
fields  to  the  relatively  strong  fields  of 
plages  and  the  polarity  of  spots,  can  be  ob- 
tained on  a  single  record. 

Alternatively,  with  the  "fine-scan"  equip- 
ment developed  by  Howard  and  H.  W. 
Babcock  in  1959,  it  is  possible  to  scan 
limited  areas  (4'  X  5')  of  the  sun  in  times 
of  the  order  of  15  minutes  with  a  resolu- 
tion of  5  or  10  seconds  of  arc.  For  these 
records  also  the  7-level  field-intensity  re- 
corder is  employed.  Such  magnetograms 
can  be  made  automatically  in  rapid  se- 
quence and  require  only  ordinary  photo- 
graphic processing. 

A  new  dynamic  guider  has  been  built  to 
compensate  for  refraction  and  for  errors 
in  the  coelostat  drive  of  the  150-foot  tower. 
Used  during  the  scanning  process,  it  results 
in  improved  tracking  for  magnetograms. 

Ruling  Engine  for  Diffraction   Gratings 

The  principal  development  in  the  ruling 
of  diffraction  gratings  has  been  the  appli- 
cation of  interferometric  control  to  the  10- 
inch  ruling  engine  by  H.  W.  Babcock.  As 
was  mentioned  last  year,  the  system  em- 
ployed here  differs  from  that  devised  by 
Dr.  George  Harrison  at  the  Massachusetts 
Institute  of  Technology  in  that  intermit- 
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tent  spacing  is  retained  and  that  a  fringe- 
clamp  circuit  is  used.  For  this  reason  few 
mechanical  alterations  have  been  required, 
and  operation  either  with  or  without  con- 
trol is  possible. 

The  new  system  uses  a  mercury  isotope 
lamp  as  a  highly  monochromatic  source  in 
conjunction  with  a  modulated  Michelson 
interferometer,  the  moving  plate  of  which 
is  mounted  on  the  grating  carriage.  The 
compensating  plate  of  the  interferometer  is 
carried  on  a  flat  spring  and  is  equipped 
with  a  coil  and  a  magnet  so  that  the  fringe 
pattern  may  be  shifted  by  applying  a  small 
current  to  the  coil.  A  direct  current  from 
a  simple  analog  computer  shifts  the  pattern 
over  a  range  of  several  fringes  so  that 
automatic  compensation  for  changing  bar- 
ometric pressure  is  readily  accomplished. 
In  addition,  a  small  alternating  current 
applied  to  the  coil  causes  the  fringe  pat- 
tern to  oscillate  at  60  cps  with  an  amplitude 
of  14  fringe.  Light  from  the  central  fringe 
of  the  concentric  pattern  is  admitted  to  an 
electron  multiplier  phototube  so  that,  by 
balanced  synchronous  demodulation  of  the 
amplified  signal,  any  error  in  the  position- 
ing of  the  central  fringe  results  in  an  im- 
balance of  charge  on  two  capacitors.  This 
error  sensing  is  carried  out  while  the  grat- 
ing blank  is  stationary  and  the  diamond 
tool  is  ruling  a  groove.  During  the  next 
phase  of  each  cycle,  while  the  regular 
mechanical  spacing  mechanism  is  advanc- 
ing the  grating  carriage,  a  differential  cor- 
rection proportional  to  the  stored  error  is 
introduced  by  a  small  motor  with  reduc- 
tion gearing.  Standard  spur  gears  in  the 
regular  spacing  mechanism  are  so  chosen 
that  the  grating  space  corresponds  to  the 
passage  of  an  integral  number  of  fringes 
in  the  field  of  the  interferometer.  A  spac- 
ing of  610.4  grooves  per  millimeter  (15,500 
per  inch)  corresponds  to  six  fringes,  for 


example.    By   a   change    of   gears,   other 
spacings  are  readily  obtainable. 

Tests  have  shown  that  in  actual  opera- 
tion the  average  differential  correction  ap- 
plied by  the  interferometric  control  system 
is  about  two  centifringes,  or  0.2  micro- 
inch.  Up  to  the  present,  two  6-inch  gratings 
have  been  ruled  under  automatic  control 
with  highly  satisfactory  results.  The  sys- 
tem appears  to  be  dependable,  and  there 
is  no  bar  to  extension  of  its  use  to  10-inch 
rulings.  Although  the  machine  has  pro- 
duced many  acceptable  gratings  in  the  past 
when  operated  in  a  purely  mechanical  way, 
it  is  probable  that  interferometric  control 
will  be  used  for  most  work  in  the  future, 
as  it  is  capable  of  still  further  reducing 
residual  errors  of  spacing  and  of  minimiz- 
ing the  nonproductive  time  spent  in  refin- 
ing the  adjustments  of  mechanical  parts. 

Procedure  for  Aluminizing  Large  Mirrors 

In  the  past  few  years  evidence  has  de- 
veloped that  the  reflecting  power  of  very 
large  aluminized  mirrors  is  often  substan- 
tially lower  than  that  of  small  ones  and, 
furthermore,  that  this  loss  of  reflectivity  is 
connected  with  the  long  time  (30  to  60 
minutes)  required  to  fire  the  hundreds  of 
coils  necessary  to  coat  a  large  mirror. 

In  an  attempt  to  correct  this  loss  of  re- 
flecting power,  new  high-capacity  trans- 
formers were  obtained  and  a  rapid  multi- 
ple-coil firing  cycle  was  set  up  that  permits 
the  evaporation  of  the  top  20  per  cent  of 
the  aluminized  coat  in  a  total  time  of  36 
seconds.  The  200-inch  mirror  was  re- 
aluminized  in  November  using  this  cycle. 
A  reflecting  power  of  92  per  cent  was 
achieved  compared  with  70  to  85  per  cent 
obtained  by  the  old  procedure  in  previous 
coats. 


GUEST  INVESTIGATORS 


Following  the  practice  of  recent  years, 
the  Observatories  have  invited  a  number 
of  guest  investigators  to  make  observations 


with  the  aid  of  its  facilities.  The  following 
programs  have  been  carried  out. 
Dr.  George  O.  Abell,  of  the  Department 
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of  Astronomy,  University  of  California  at  troscopic  binaries  among  the  metallic-line 
Los  Angeles,  has  continued  his  investiga-  stars  as  determined  from  McDonald  and 
tion  of  rich  clusters  of  galaxies  for  the  Mount  Wilson  spectrograms.  The  final  re- 
purpose  of  determining  the  bright  end  of  suit  was  that  22  out  of  a  sample  of  25  such 
the  galaxian  luminosity  function  and  of  stars  showed  evidence  of  binary  nature, 
finding  a  more  dependable  criterion  for  After  allowing  for  undetectable  binaries, 
extragalactic  distances.  The  galaxian  he  concluded  that  all  metallic-line  stars 
magnitudes  are  obtained  by  a  special  are  members  of  spectroscopic  binaries.  At 
method  of  extrafocal  photographic  pho-  present  he  is  investigating  the  normal  field 
tometry  carried  out  on  plates  taken  with  stars  in  the  same  region  (A4  to  F2  V,  IV) 
the  48-inch  schmidt  telescope  and  cali-  of  the  color-magnitude  diagram  as  the 
brated  with  photoelectric  measures  of  stars  metallic-line  stars.  An  average  of  11 
in  each  cluster  field.  The  photoelectric  ob-  spectrograms  were  obtained,  primarily 
servations  are  obtained  at  the  60-inch  and  with  the  60-inch  Cassegrain  spectrograph, 
100-inch  telescopes.  for  each  of  57  such  normal  stars.  To  date, 

Luminosity  functions  are  now  available  9  out  of  24  stars  measured  have  been  found 

for  the  following  clusters  in  Abell's  The  to  be  binaries,  but,  surprisingly,  all  these 

Distribution  of  Rich  Clusters  of  Galaxies  have  periods  greater  than  100  days.  None 

(Astrophys.  /.,  suppL  3,  211,  1958) :  nos.  of   the   remaining    (as   yet   unmeasured) 

151,  1656,  and  2151,  in  both  photographic  stars  have  obviously  large  velocity  varia- 

and  photovisual  magnitudes;  no.  2199  in  tions.    Therefore  it  appears  that  in  this 

photographic,  photovisual,  and  photored  region  of  the  color-magnitude  diagram  the 

magnitudes;  and  no.  665  in  photovisual  field  stars  are  either  (1)  single  stars  having 

magnitudes  only.  All  the  luminosity  func-  normal  spectra,  (2)  binaries  with  periods 

tions  are  similar,  and  all  show  character-  less   than    100   days    having   metallic-line 

istic  features  near  the  bright  end.    The  spectra,  or  (3)  binaries  with  periods  greater 

relative  distances  to  the   clusters  can  be  than    100    days    having    either    kind    of 

found  by   fitting  together  corresponding  spectra. 

features    on    their    luminosity    functions.         Dr.  H.  E.  Butler,  of  the  Royal  Observa- 

Radial  velocities  are  known  for  all  the  tory,  Edinburgh,  in  8  nights  of  observing 

clusters  except  no.  665.  When  relative  dis-  with  the  100-inch  obtained  high-dispersion 

tances  are  determined  from  the  luminos-  spectra  of  25  bright  stars  having  spectral 

ity  functions,  rather  than  from  the  tenth-  types  between  B2  and  G5.   For  each  star 

brightest  cluster  members,  the  scatter  in  one  good  spectrum  of  the  blue  and  ultra- 

the  velocity-distance  relation  is  very  greatly  violet  region  was  obtained  at  a  dispersion 

reduced;  the  range  in  absolute  magnitude  of  5  A/mm,  and  at  least  one  spectrum  in 

of  the  tenth-brightest  cluster  galaxy  from  the  red  at  a  dispersion  of  7  A/mm.  The 

cluster  to  cluster  is  at  least  0.5  magnitude,  plates  were  taken  (1)  to  compare  spectra 

Dr.  Abell  has  also  measured  magnitudes  of  pairs  of  stars  of  exactly  the  same  spectral 

and  colors,  on  the  Johnson-Morgan  U ,  B,  V  type  but  one  a  supergiant  and  the  other 

system,  of  the  central  stars  of  about  25  of  a  dwarf,   for   the  purpose   of  examining 

the  86  planetary  nebulae  discovered  on  the  luminosity  effects  in  absorption  lines  too 

National  Geographic  Society-Palomar  Ob-  weak  for  measurement  with  the  dispersion 

servatory  Sky  Survey.    Most  of  the  stars  available  at  Edinburgh ;  (2)  to  compare  the 

have  U  —  B  and  B  —  V  color  indices  that  equivalent  widths  and  profiles  of  lines  al- 

are    predicted    for    extremely    hot    black  ready  reduced  with  the  smaller  Edinburgh 

bodies.  dispersion     with     those     obtained     from 

Dr.  Helmut  A.  Abt,  of  the  Kitt  Peak  spectra  of  much  higher  dispersion;   and 
National  Observatory,  has  continued  with      (3)   to  take,  throughout  several  consecu- 

the  investigation  of  the  frequency  of  spec-  tive  nights,  a  series  of  spectra  of  Ha  in 
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rapidly  rotating  early-type  emission  stars 
in  order  to  look  for  periodic  variations 
in  profile  which  might  be  correlated  with 
the  rotation  period  of  the  star.  A  number 
of  plates  already  in  the  Observatories'  files 
were  used  for  this  program  in  addition  to 
those  taken  by  Dr.  Butler. 

Variable  stars  in  the  globular  cluster  M 
53  were  intensively  photographed  with  the 
100-inch  and  60-inch  reflectors  in  March, 
April,  and  May  1961  by  Dr.  James  Cuffey, 
of  Indiana  University.  Two  hundred 
twenty-one  plates  were  obtained  with  the 
100-inch  and  102  plates  with  the  60-inch 
reflector.  Light  curves  for  the  46  known 
variables  and  for  a  number  of  suspects  are 
being  measured  with  the  iris  photometer 
at  Indiana  University  in  both  blue  and 
yellow  light.  The  work  was  sponsored  by 
funds  from  the  National  Science  Founda- 
tion. When  completed,  the  light  curves 
may  be  compared  with  those  of  Grosse 
(1933)  and  van  der  Hoven  (1947)  for 
period  or  amplitude  changes. 

Drs.  Armand  and  Delphine  Delsemme, 
formerly  from  the  Institut  pour  la  Re- 
cherche Scientifique  en  Afrique  Centrale 
have  taken  a  series  of  high-dispersion  spec- 
tra with  the  Mount  Wilson  100-inch  tele- 
scope at  different  phases  of  the  light  curve 
of  two  suspected  Population  II  cepheids, 
TX  Delphini  and  BB  Herculis.  These 
spectra  will  be  used  to  draw  the  curves  of 
growth  for  several  elements  at  different 
phases  of  each  star.  These  stars  were  also 
followed  simultaneously  with  the  60-inch 
photoelectric  photometer  or  by  photo- 
graphic photometry  with  the  5-inch  instru- 
ment, so  that  their  light  curves,  whose 
periods  are  not  stable,  can  be  known  at  the 
time  the  spectrograms  were  taken. 

In  collaboration  with  Deutsch,  the 
Delsemmes  have  also  begun  the  study  of 
a  series  of  high-dispersion  spectra  taken 
by  Deutsch  with  the  200-inch  telescope  at 
different  phases  of  the  light  curves  of  the 
Population  II  late-type  carbon  cepheid,  RU 
Camelopardalis. 

In  July,  August,  and  September,  Dr.  J. 
Houtgast,  of  the  Astronomical  Observatory 


at  Utrecht,  the  Netherlands,  made  photo- 
electric records  of  the  spectral  region  A3000 
to  A4000  in  the  solar  spectrum  at  the  Snow 
telescope  for  the  determination  of  the  ob- 
servational continuous  background.  Skill- 
ful observational  help  was  provided  by 
Dr.  Walter  Mitchell. 

Tracings  were  made  continuously  from 
sunrise  till  noon  on  days  of  good  seeing 
and  with  an  atmosphere  of  more  or  less 
constant  transparency.  The  intensity  out- 
side the  atmosphere  can  be  derived  by 
extrapolation  from  these  tracings.  To  ob- 
tain absolute  intensities  the  spectral  radia- 
tion of  a  calibrated  Philips  bandlamp  was 
recorded  with  the  same  settings  of  the 
spectrograph.  In  the  region  mentioned, 
about  100  "windows"  between  the  Fraun- 
hofer  lines  were  selected  to  determine  their 
absolute  intensities.  The  preliminary  re- 
sults show  that  the  method  of  observation 
is  promising,  but  that  some  uncertainties 
occur  below  the  wavelength  of  A3400  which 
are  due  to  variations  in  the  transparency 
of  the  sky  over  Mount  Wilson. 

Coude  spectrograms  of  9  Mira  variables 
were  taken  by  Dr.  Philip  C.  Keenan,  of 
the  Perkins  Observatory,  on  a  scale  («*15 
A/mm)  sufficient  to  allow  total  absorp- 
tions of  the  D  lines  to  be  measured.  For 
SX  Andromedae  and  Y  Monocerotis  the 
interstellar  lines  were  resolved,  and  plates 
of  three  early-type  stars  in  each  of  their 
fields  were  taken  to  permit  the  eventual  de- 
termination of  the  distances  of  the  varia- 
bles. Spectrograms  of  11  variables  and 
several  red  comparison  stars  were  taken  on 
a  smaller  scale  (20  to  30  A/mm)  to  allow 
the  red  and  blue  spectral  regions  to  be  com- 
pared at  the  same  phase.  This  material  has 
been  pooled  with  the  plates  taken  by  Mer- 
rill and  Deutsch  in  a  joint  attempt  to 
separate  the  physical  conditions  that  affect 
the  absorption  spectrum  of  variables.  One 
of  the  first  results  has  been  the  recognition 
of  a  strong  Boltzmann  effect  in  the  bands 
of  TiO.  Such  bands  as  A5759  and  A5810, 
originating  from  vibrational  levels  of  a 
few  tenths  of  a  volt  above  the  ground  level, 
change  little  in  types  later  than  M  6,  while 
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bands  from  the  ground  level  continue  to  by  tidal  forces  is  also  discernible  in  the 
strengthen  in  the  coolest  stars  observed,  star  counts  on  the  schmidt  plates.  It  is  con- 
Use  of  this  effect  allows  more  accurate  fined  to  the  extreme  outer  parts  and  is  quite 
types  to  be  assigned  to  late  M  stars.  distinct  from  the  rotational  flattening  ob- 

Dr.  Keenan  carried  out  a  new  reduc-  served  in  the  inner  parts  of  many  clusters, 

tion    of    unpublished    measurements    by  (5)  The  radial-density  distributions  in  all 

Adams  on  three  spectrograms   (scale  2.9  the  clusters  thus  far  examined  follow  the 

A/mm)  of  R  Coronae  Borealis  at  maxi-  same  law.  Aside  from  the  necessary  scale 

mum  light,  using  modern  wavelengths  for  factors,  this  law  has  only  one  additional 

the  comparison  lines.   With  the  inclusion  parameter  which  expresses  central  concen- 

of  a   number  of   newly   measured   lines,  tration.  (6)  When  the  tidal  limit  is  very  far 

wavelengths  and  identifications  have  been  from  the  center,  this  same  law  fits  Hubble's 

tabulated  for  283  of  the  best-resolved  lines  observations  of  surface  brightness  in  ellipti- 

between   A3716   and   A4900,   including  98  cal  galaxies.  This  limiting  form  of  the  law 

known  or  suspected  lines  of  chlorine.  The  differs  only  slightly  from  Hubble's  law. 

best  plate,  taken  on  July  4,  1944,  gave  a  A  collaborative  program  for  the  survey 

radial   velocity    of    +23.9  ±  0.20   km/sec.  of  faint  asteroids  was  sponsored  by  the 

The  velocity  from  the  50  lines  of  ionized  National    Science    Foundation    with    the 

elements  exceeded  that  from  the  37  neutral  Leiden  Observatory  and  the  University  of 

lines  by  0.4  km/sec,  which  may  represent  Cincinnati   Observatory,   and   was   super- 

a  real  difference.  vised  by  Dr.  Gerard  P.  Kuiper  of  the  Uni- 

Dr.  Ivan  R.  King,  of  the  University  of  versity  of  Arizona.  Plates  were  taken  by 
Illinois,  has  begun  a  program  for  the  de-  Dr.  T.  Gehrels  with  the  48-inch  schmidt. 
termination  of  the  distribution  of  stars  in  The  survey  is  an  extension  of  the  Mc- 
globular  clusters.  In  June  and  July  1960,  Donald-Yerkes  Asteroid  Survey  (Astro- 
he  photographed  14  clusters  with  the  48-  phys.  ].,  suppl.  3,  289,  1958)  to  the  19th 
inch  schmidt  telescope  and  measured  sur-  magnitude  for  selected  regions  of  the 
face  brightnesses  in  9  of  the  same  clusters  ecliptic.  An  area  of  18°  X  12°  of  the  Sep- 
with  the  60-inch  telescope.  These  observa-  tember  opposition  was  photographed  three 
tions,  in  conjunction  with  additional  star  times  with  103a-O  and  once  with  103a-D 
counts  made  on  200-,  100-,  and  60-inch  plates  during  September  1960;  and  three 
plates  in  the  Mount  Wilson  files,  will  be  times  in  the  blue  plus  once  in  the  yellow 
used  to  determine  density  distributions  in  during  October  1960.  A  total  of  130  plates, 
about  16  globular  clusters.  14  X  14  inches,  was  taken.    Filters  were 

Preliminary  results  have  led  to  the  fol-  used,  and  calibration  plates  of  Selected 
lowing  conclusions:  (1)  The  commonly  Area  68  were  taken  for  transfer  to  the  Po,  V 
quoted  law  of  Jeans,  in  which  projected  system.  The  plates  were  taken  while  guid- 
density  is  proportional  to  1/r3,  does  not  ing  for  asteroid  motion;  in  addition,  a 
hold.  (2)  A  globular  cluster  has  a  definite  few  plates  were  taken  to  determine  magni- 
limit,  set  by  the  tidal  force  of  the  Milky  tude  corrections  for  slightly  trailed  images. 
Way.  The  wide  field  and  faint  limiting  The  plates  are  now  at  the  Leiden  Ob- 
magnitude  of  the  48-inch  schmidt  make  servatory,  where  the  blinking  of  the  plates 
it  possible  to  see  this  limit  clearly  in  rich,  is  being  carried  out  by  Dr.  and  Mrs.  C.  J. 
high-latitude  clusters.  (3)  The  projected  van  Houten.  The  orbit  computation  of  the 
density  in  the  outer  parts  of  a  globular  1000  to  1500  objects  which  are  expected  to 
cluster  is  proportional  to  (1/r  —  1/n)2,  be  found  on  the  plates  will  be  made  by 
where  r%  is  the  tidal  limiting  radius.  The  Drs.  Paul  Herget  and  Eugene  Rabe,  of 
extrapolation  to  the  limit  can  thus  be  made  the  University  of  Cincinnati  Observatory, 
by  plotting  the  square  root  of  density  Dr.  Robert  Leighton,  of  the  California 
against  1/r.  (4)  The  distortion  produced  Institute    Physics    Department,    has    con- 
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tinucd  his  solar  studies  with  the  60-foot 
tower  telescope.  Velocity  fields  in  the  solar 
atmosphere  have  been  detected  and  meas- 
ured by  means  of  an  adaptation  of  a  tech- 
nique previously  used  for  measuring  mag- 
netic fields  (Leighton,  Astrophys.  J.,  130, 
366,  1959) .  Data  obtained  during  the  sum- 
mer of  1960  reveal  the  following:  (1)  Large 
"cells"  of  horizontally  moving  material  are 
distributed  roughly  uniformly  over  the  en- 
tire solar  surface.  The  motions  within 
each  cell  suggest  a  (horizontal)  outward 
flow  from  a  source  inside  the  cell.  Typical 
diameters  are  1.5  X  104  km;  spacings  be- 
tween centers,  3  X  104  km  (^5  X  103  cells 
over  the  solar  surface) ;  mean  velocities  of 
outflow,  0.5  km/sec-1;  lifetimes,  104  to  105 
seconds.  There  is  some  similarity  in  ap- 
pearance to  the  Ca  II  network.  The  appear- 
ance and  properties  of  these  cells  suggest 
that  they  are  a  surface  manifestation  of 
convective  currents  which  come  from  rela- 
tively great  depths  inside  the  sun.  (2)  A 
distinct  correlation  is  observed  between 
local  brightness  fluctuations  and  vertical 
velocities:  bright  elements  tend  to  move 
upward  at  the  levels  at  which  the  lines 
Fe  A6102,  Ca  A6103,  and  Na  A5896  are 
formed.  This  correlation  appears  to  be 
reversed  in  the  line  of  Ca  II  A8542.  At 
the  level  of  Ca  A6103,  a  rough  estimate  of 
the  mechanical  energy  transport  yields  the 
rather  large  value  of  3  watts  cm-2.  (3) 
The  characteristic  "cell  size"  of  the  vertical 
velocities  increases  with  height  from  ^1700 
km  at  the  level  of  Fe  A6102  to  ~3500  km 
at  that  of  Na  A5896.  The  mean  vertical 
velocity  correspondingly  ranges  from  ^0.4 
km  sec-1  to  ~0.6  km  sec-1.  (4)  The  vertical 
velocities  exhibit  a  striking  repetitive  time 
correlation  with  a  period  t  =  297  ±  3 
seconds.  This  quasi-sinusoidal  correlation 
has  been  followed  for  three  full  periods  in 
the  line  Ca  A6103  and  is  also  clearly  present 
in  Fe  A6102  and  Na  A5896.  The  energy 
contained  in  this  oscillatory  motion  is  about 
250  joules  cm-2;  the  losses  can  apparently 
be  compensated  by  the  energy  transport. 
(5)  Doppler  velocities  observed  at  various 
heights  in  the  upper  chromosphere  using 


the  Hoc  line  have  a  complex  structure  at 
great  heights,  but  at  lower  levels  are  found 
predominantly  downward  motions  concen- 
trated in  "tunnels"  which  presumably  fol- 
low magnetic  lines  of  force.  Near  a  large 
sunspot,  matter  flows  inward  with  increas- 
ing speed  and  halts  abruptly  at  the  outer 
boundary  of  the  penumbra.  Occasionally, 
matter  erupts  outward  from  the  outer 
boundary  of  the  penumbra.  There  is  some 
indication  of  an  axial  rotation  or  twisting 
motion  accompanying  some  of  the  erup- 
tive motions. 

Further  observations  and  measurements 
of  solar  velocity  fields  and  magnetic  fields 
are  in  progress. 

During  the  year  1960-1961,  Dr.  D.  H. 
McNamara,  of  the  Brigham  Young  Uni- 
versity, completed  the  investigation  of  the 
rotational  velocities  of  B0  and  B3  stars  in 
the  Orion  association,  initiated  in  1959. 
The  results  of  the  investigation  confirm  the 
conclusions  announced  earlier  that  these 
objects  have  v  sin  i  values  considerably 
smaller  than  the  normal  field  stars.  Several 
of  the  sharp-line  stars  also  have  peculiar 
spectra.  Dr.  McNamara  has  continued  to 
observe  the  eclipsing  variables  TX  Ursae 
Majoris,  V  448  Cygni,  and  UX  Mono- 
cerotis. 

Rotational  velocities  were  obtained  by 
Dr.  A.  J.  Meadows,  of  St.  Andrews  Uni- 
versity Observatory,  for  29  stars  in  M  39 
and  the  Ursa  Major  cluster  from  spectro- 
grams taken  on  the  60-inch  telescope.  It 
was  found  that  the  average  apparent  rota- 
tional velocity  in  these  clusters  does  not 
differ  appreciably  from  that  for  the  cor- 
responding field  stars.  Radial  velocities 
of  stars  in  M  39  were  measured.  With  the 
aid  of  material  in  the  files  at  Santa  Barbara 
Street  (Sanford,  Astrophys.  J.,  110,  117, 
1949),  the  H-R  diagram  has  been  separated 
into  two  regions:  in  one,  line  broadening 
by  large-scale  turbulence  is  of  major  im- 
portance; in  the  other,  rotation  is  the  major 
line-broadening  mechanism. 

Observations  were  made  by  Dr.  Walter 
E.  Mitchell,  Jr.,  of  the  Perkins  Observatory, 
with   the   Snow   telescope   and   McMath- 
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Hulbert  spectrometer  during  the  summer 
of  1960  for  the  purpose  of  obtaining  (1) 
improved  observations  in  the  short-wave- 
length region  of  the  ultraviolet  below 
A3650,  and  extending  their  limit  to  the 
shortest  possible  wavelengths;  (2)  addi- 
tional tracings  for  comparison  with  the 
Michigan  records  in  the  search  for  new 
faint  lines  in  the  ultraviolet;  and  (3)  a 
more  homogeneous  set  of  high-resolution 
tracings. 

Ten  weeks  of  the  summer  were  con- 
sumed in  carrying  out  modifications  to  the 
instrument:  (1)  realuminization  of  nine 
reflecting  surfaces  in  the  telescope  and 
spectrograph,  (2)  installation  of  a  high- 
speed grating  drive,  (3)  installation  of  a 
large  prism  in  the  predisperser,  and  (4)  in- 
stallation of  a  different  grating.  These 
changes  resulted  in  striking  improvements 
in  the  operation  and  results  from  the  in- 
strument: (1)  approximately  an  order  of 
magnitude  increase  in  signal  intensity,  (2) 
a  reduction  by  a  factor  of  7l/2  to  60  in  the 
time  required  to  make  a  given  observation, 
(3)  a  much  higher  purity  of  spectrum  from 
the  predisperser  and  a  sharp  reduction  of 
scattered  light  in  the  spectrograph,  and  (4) 
a  reduction  of  Rowland  ghost  intensity 
by  about  one-half.  Also  during  this  period 
the  measurement  by  Houtgast,  of  the 
Utrecht  Observatory,  of  the  absolute-energy 
distribution  of  the  sun  in  the  range  A4000 
to  A3000  was  facilitated. 

Following  the  changes  outlined  above, 
records  were  obtained  covering  the  range 
A3650  to  A3000  in  grating  orders  8  and  9. 
Records  were  also  obtained  in  orders  1,  3, 
and  7  from  A3000  to  the  limit  imposed  by 
atmospheric  ozone,  between  A2950  and 
A2930.  A  limited  number  of  limb  tracings 
were  obtained  in  the  range  A3650  to  A3500 
to  aid  in  the  determination  of  the  origin 
of  some  of  the  hundreds  of  unknown  lines 
in  the  ultraviolet.  At  wavelengths  shorter 
than  A3100  the  Mount  Wilson  observations 
show  an  improvement  over  earlier  observa- 
tions at  lower  altitudes  which  increases 
with  decreasing  wavelength  in  both  re- 
solving power  and  small  amount  of  scat- 


tered light.  The  bands  of  atmospheric 
ozone  in  the  region  around  A3200  have 
been  distinctly  recorded  in  low  orders  with 
the  high-speed  grating  drive. 

The  ultraviolet  records  are  in  the  process 
of  being  compared  in  detail  with  St.  John's 
1928  revision  and  Dr.  Charlotte  M.  Sit- 
terly's  modern  revision  (in  progress)  of 
Rowland's  table  of  solar  spectrum  wave- 
lengths. 

In  connection  with  the  construction  of 
an  improved  atlas  covering  the  photo- 
graphic infrared  part  of  the  solar  spectrum, 
the  region  A12000  to  A8500  was  recorded 
with  the  earlier  grating,  new  photomulti- 
plier  and  cold  box,  and  high-speed  drive. 
Though  this  map  was  made  during  only 
one  observing  day  and  is  slightly  com- 
pressed, it  appears  to  be  of  the  same  quality 
as  the  best  earlier  maps  made  with  the 
installation.  There  was  insufficient  time  in 
September,  however,  to  record  more  than  a 
few  scattered  regions  of  the  photographic 
infrared  with  the  newly  installed  grating. 

Mr.  J.  M.  Sullivan  assisted  in  obtaining 
the  observations  in  each  of  these  programs. 

Dr.  Bruce  C.  Murray,  of  the  Division 
of  Geological  Sciences  of  the  California 
Institute  of  Technology,  carried  out  a 
series  of  photoelectric  observations  of  se- 
lected small  portions  of  the  lunar  surface 
in  the  visible,  and  will  eventually  extend 
these  observations  to  the  infrared.  These 
results  are  to  be  compared  with  a  labora- 
tory investigation  of  the  properties  of 
powders  in  a  hard  vacuum,  with  particu- 
lar emphasis  on  absorption,  scattering,  and 
polarization  of  the  visible  and  infrared 
radiation. 

The  Cassegrain  scanner,  mounted  on  the 
60-inch,  was  used  for  three  bright  runs 
totaling  17  nights  in  October  and  Decem- 
ber 1960  and  May  1961.  The  first  run  was 
spent  in  determining  the  procedure  and 
minor  equipment  modifications  necessary 
to  obtain  scans  from  A3850  to  A8100  of 
small  areas  of  the  lunar  surface  (approxi- 
mately 15  sq  km) .  Provision  was  also  made 
for  simultaneous  photographic  recording 
of  the  lunar  image  on  the  slits.  Only  two 
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full  nights  of  useful  observing  were  possi- 
ble during  the  12  nights  of  the  December 
and  May  runs  because  of  nonphotometric 
sky  conditions  and  some  minor  equipment 
difficulties.  Adequate  data  were  obtained, 
however,  to  determine  that  no  color  differ- 
ence characterizes  the  prominent  "dark" 
to  "light"  concentric  variation  in  Mare 
Serenitatis.  Accordingly,  a  difference  solely 
of  reflectivity  of  the  surface  materials  of 
those  two  zones  is  indicated.  The  color 
studies  of  the  moon,  and  also  of  planets, 
are  continuing.  One  night  during  the  May 
run  was  used  to  test  a  preliminary  equip- 
ment design  utilizing  a  copper-doped 
germanium  photoconductive  cell  cooled  to 
low  temperatures  as  a  photometer  in  the 
10-microrr  region.  The  photometer  was 
mounted  at  the  Newtonian  focus.  The  test 
was  successful,  and  a  more  advanced  de- 
sign will  be  tested  later  this  summer. 

Observations  were  continued  by  Dr. 
Daniel  M.  Popper,  of  the  University  of 
California  at  Los  Angeles,  on  the  program 
of  establishing  absolute  dimensions  of  stars 
of  various  kinds  from  the  analysis  of  eclips- 
ing binary  systems.  No  new  analyses  have 
been  completed  during  this  year.  An  in- 
teresting additional  result  for  KU  Cygni, 
discussed  in  last  year's  report,  is  that  the 
cool  giant  component  has  a  large  ultraviolet 
excess  resembling  the  excesses  of  some  T 
Tauri  stars.  This  excess  appears  not  to 
be  caused  primarily  by  Balmer  emission. 
The  star  is  one  of  those,  found  frequently 
in  close  binary  systems,  that  presumably 
extends  to  the  critical  zero-velocity  surface 
passing  through  the  inner  Lagrangian 
point  of  the  system. 

Two  important  systems  have  been  added 
to  the  list  of  those  for  which  coude  observa- 
tions should  yield  masses:  (1)  AR  Mono- 
cerotis  appears  to  be  similar  to  RZ  Cancri 
(except  one  magnitude  fainter),  which  has 
furnished  the  best  mass  to  date  of  a  G  or 
K  star  of  luminosity  class  III.  (2)  AS 
Eridani  is  one  of  that  group  of  eclipsing 
stars  for  which  the  velocity  variation  of 
the  primary  component  is  so  small  that  the 
mass  of  the  secondary,  though  a  subgiant, 


would  seem  to  be  anomalously  low.  This 
is  the  only  star  of  the  group  for  which 
lines  of  the  secondary  (at  D)  have  yet 
been  found. 

Analysis  of  all  available  data  on  the 
masses  of  stars  of  luminosity  class  III  later 
than  spectral  type  G5  (and  not  filling  the 
critical  zero-velocity  surface  of  the  binary 
system)  leads  to  masses  in  the  range  2.3  to 
3.5  solar  masses.  These  results  are  highly 
provisional  because  of  the  small  number 
of  stars  (5)  included.  The  lower  limit  is 
somewhat  larger  than  predicted  by  some 
current  expectations  based  on  evolutionary 
considerations. 

Detailed  isothermal  contour  maps  of 
relatively  small  areas  of  the  moon  which 
can  be  related  to  the  visible  surface  features 
are  valuable  in  deducing  localized  proper- 
ties of  the  lunar  surface.  Measurements 
for  the  construction  of  such  maps  were 
made  by  Dr.  Richard  W.  Shorthill  and  Mr. 
John  M.  Saari,  of  the  Boeing  Airplane 
Company,  Seattle,  Washington,  on  a 
variety  of  crater  areas  with  the  60-inch  tele- 
scope. The  thermistor  detector  subtended 
a  field  of  8  seconds  of  arc  when  mounted 
at   the  Newtonian  focus   of  the  60-inch. 

A  scan  program  consisted  of  setting  the 
clock  near  lunar  rate  and  moving  the 
telescope  alternately  east  and  west  while 
the  moon  drifted  in  declination.  The  posi- 
tion was  followed  at  the  finder  telescope 
and  described  on  one  channel  of  a  tape 
recorder  while  the  temperature  was  re- 
corded simultaneously  as  an  FM  signal  on 
the  other  channel. 

During  the  totality  of  the  lunar  eclipse 
of  September  5, 1960,  scans  were  made  over 
the  rayed  craters  Tycho,  Copernicus, 
Kepler,  Aristarchus,  and  Proclus;  all  ex- 
cept Proclus  proved  to  be  about  40  °C 
warmer  than  their  environs.  This  con- 
firmed the  preliminary  measurements 
made  during  the  lunar  eclipse  of  March 
12-13, 1960,  at  the  Dominion  Astrophysical 
Observatory  by  these  investigators.  All 
these  areas  were  scanned  during  the  full 
moon,  together  with  six  other  areas 
(Alphonsus,  Cleomedes,  Dionysius,  Mene- 
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laus,  Posidonius,  and  Theophilus),  and 
isothermal  contours  were  constructed 
which  relate  quite  well  with  visible  fea- 
tures. During  the  eclipse  the  cooling  rates 
of  the  rims,  floors,  and  bright  areas  around 
the  craters  are  not  the  same,  the  difference 
sometimes  extending  beyond  the  crater  by 
about  1  crater  diameter. 

In  December  1960,  Mars  was  observed 
by  Dr.  William  M.  Sinton,  of  Lowell  Ob- 
servatory. He  used  an  infrared  spectrom- 
eter attached  to  the  200-inch  telescope  to 
repeat  his  1958  studies  of  the  three  bands 
near  3.5  u  that  he  attributes  to  organic 
molecules  on  the  surface  of  Mars.  These 
were  observed  again  and,  as  before,  were 
found  chiefly  in  the  dark  regions  of  the 
planet.  This  fact  gives  strong  evidence 
that  the  organic  molecules  are  of  biological 
origin.  This  year  he  also  studied  the 
Martian  carbon  dioxide  bands  at  2  u.  From 
these  measurements  he  has  derived  an 
amount  of  carbon  dioxide  essentially  in 
agreement  with  that  found  by  Grandjean 
and  Goody  from  G.  P.  Kuiper's  studies 
of  the  weaker  1.6-u  bands. 

Dr.  Sinton  also  obtained  spectra  in  the 
region  1  to  4  u  of  the  stars:  a  Ononis,  a 
Arietis,  a  Canis  Minoris,  a  Cygni,  and  3 
Pegasi.  He  found  bands  in  a  Ori  at  2.4  and 
1.5  u,  which  he  has  tentatively  identified 
as  produced  by  carbon  monoxide.  These 
bands  were  not  apparent  in  the  spectra  of 
(3  Peg. 

In  February  Dr.  Uli  W.  Steinlin,  of  the 
Observatory  of  the  University  of  Basel, 
Switzerland,  started  an  observing  program 
with  the  48-inch  schmidt  telescope.  The 
program  is  planned  to  give  three-color 
photometry  on  Dr.  W.  Becker's  RGU- 
system  of  a  large  number  of  stars  in  several 
fields,  either  in  the  galactic  plane  or  along 
a  great  circle  through  the  galactic  center, 
the  galactic  pole,  and  the  anticenter.  Dis- 
cussion of  the  two-color  diagrams  will  pro- 
vide data  about  the  distribution  of  stars 
of  different  spectral  types  and  of  different 
populations  in  space.  With  the  limiting 
magnitude  of  about  19m,  the  limits  of  the 
galactic  halo  should  be  reached  for   the 


brighter  stars  (giants)  in  most  directions. 
Observations  in  the  Selected  Areas  54,  57, 
82,  107,  and  133  and  in  some  fields  near  the 
galactic  center  are  finished  or  well  under 
way. 

During  the  summer  of  1960  Dr.  Bengt 
Stromgren,  of  the  Institute  for  Advanced 
Study,  used  the  20-inch  reflector  for  obser- 
vations on  his  photoelectric  program.  Out 
of  45  available  nights,  38  nights  were  partly 
or  completely  clear  (more  than  70  per  cent 
of  the  nights  were  completely  clear). 

The  program  included  all  A2  to  GO  stars 
(Harvard  classification)  brighter  than  6.5 
mag  visual  and  north  of  declination  —10°. 
These  were  to  be  observed  photoelectrically 
in  four  bands  of  half-widths  200  A  to 
300  A  at  the  following  wavelengths:  u, 
A3450;  v,  A4100;  b,  A4700;  y,  A5500. 

The  observations  of  July  to  September 
1960  covered  the  right  ascensions  17h  to 
4b.  A  network  of  60  standard  stars  was 
set  up,  and  uvby  photometry  of  these  stars 
was  carried  out  on  10  nights.  The  pro- 
gram stars  were  then  observed  relative  to 
the  standard  stars  in  zones  of  10°  width 
in  declination.  The  program  was  prac- 
tically completed  between  17h  and  3h 
right  ascension,  with  at  least  two  observa- 
tions on  separate  nights  for  each  star.  A 
number  of  Pleiades  and  Hyades  stars 
fainter  than  the  6.5  mag  limit  were  ob- 
served in  addition  to  the  program  stars. 
Altogether  approximately  2100  observa- 
tions of  about  600  stars  were  obtained 
(about  26,000  deflections  were  recorded). 

In  the  photoelectric  observing  Dr. 
Stromgren  was  assisted  by  Mr.  Charles 
Perry  and  Mr.  Robert  Cameron  (on  18 
nights  the  observers  were  Stromgren  and 
Perry,  on  10  nights  Stromgren  and 
Cameron,  on  10  nights  Perry) . 

The  reduction  of  the  observations  has 
been  completed.  The  color  index  m  (b)  — 
m    (y),  and   the   color   index   differences 

c  =  [m  (u)  —  m  (v)]  — 

[m  (v)  —  m  (b)]     Balmer  index 

m  =  [m  (v)  —  m  (b)]  — 

[m  (b)  —  m  (y)  ]     metal-content  index 
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have  been  derived.  The  photometric  ac- 
curacy is  satisfactory,  the  probable  errors 
of  1  observation  being  as  follows: 

m  (b)  —  m  (y)  ±  0.005  mag 

c  ±  0.008  mag 

m  ±  0.007  mag 

It  was  expected  that  the  photoelectric 
photometry  in  question  would  yield  (1)  an 
index  of  effective  temperature  which  is 
relatively  insensitive  to  differences  in 
chemical  composition,  (2)  the  absolute 
magnitude  from  m(b)  —  m(y)  and  c, 
(3)  for  the  late  F  and  G  stars  an  index 
that  is  well  correlated  with  the  metal- 
hydrogen  ratio. 

A  preliminary  discussion  has  fully  con- 
firmed these  expectations.  The  [m  (b)  — 
m  (y)  ]  —  c  diagram  has  been  calibrated 
in  terms  of  absolute  magnitude  with  the 
help  of  trigonometric  and  cluster  paral- 
laxes. It  appears  that  absolute  magnitudes 
can  be  determined  with  an  accuracy  of 
about  ±0.2  mag  (p.e.).  It  should  be 
emphasized  that  this  method  is  only  valid 
for  practically  unreddened  stars,  contrary 
to  the  case  for  the  H3  —  c  method.  How- 
ever, since  the  applications  in  the  present 
program  are  for  stars  within  100  parsecs, 
the  limitation  in  question  is  of  no  conse- 
quence. 

The  discussion  of  the  metal-content  in- 
dex m  has  led  to  the  following  results. 
For  stars  in  the  (B  —  V)>  range  0.35  to 
0.43  mag,  and  within  2m  of  the  age-zero 
line  the  value  of  m  is  practically  independ- 
ent of  color  index  and  absolute  magnitude. 
The  scatter  of  m  is  very  small  in  this  range 
(rms  variation  considerably  less  than  0.01 
mag),  indicating  that  the  influence  of  any 
parameter  beyond  the  basic  parameters 
mass  and  age  upon  m  is  very  small  here. 
For  the  (B  —  V),  range  0.44  to  0.65  mag, 
there  is  a  considerable  range  of  variation 
of  m.  The  deviations  from  the  [m  (b)  — 
m  (y)  ]  —  m  relation  for  the  Hyades  is 
systematic,  in  the  sense  that  the  m  indices 
indicate  a  lower  metal-line  absorption  than 
for  the  Hyades  stars.  The  variations  can- 
not be  explained  in  terms  of  an  absolute- 


magnitude  effect  but  point  to  variations  in 
a  chemical-composition  parameter.  This 
conclusion  is  confirmed  by  comparison  of 
the  m  index  with  metal-hydrogen  ratios 
determined  by  Greenstein,  Heifer,  Waller- 
stein,  Carlson,  and  others.  The  range  of 
variation  in  m  for  the  program  stars  in 
the  (B  —  V),  range  0.44  to  0.64  mag,  cor- 
responds to  a  variation  in  the  metal-hydro- 
gen ratio  by  approximately  a  factor  of  3. 
The  absence  of  noticeable  variation  in  m 
for  the  (B  —  V),  range  0.35  to  0.43  mag, 
can  be  attributed  to  the  smaller  age  range 
and  greater  uniformity  in  chemical  compo- 
sition of  these  stars. 

For  the  (B  —  V),  range  0.05  to  0.34  mag, 
the  observations  indicate  a  considerable 
variation  in  m  for  given  effective  tempera- 
ture and  absolute  magnitude.  This  points 
to  the  importance  of  a  third  parameter 
(and  possibly  further  parameters),  for 
these  stars,  however  a  parameter  other 
than  the  metal-hydrogen  ratio,  which 
would  be  less  effective  here  than  for  the 
(B  —  V),  range  0.35  to  0.43  mag,  where  its 
influence  was  found  to  be  very  small.  The 
value  of  B  —  V  for  which  these  variations 
set  in  suggests  that  the  effect  may  be  con- 
nected with  the  influence  of  rotation  and 
magnetic  fields.  Metallic-line  stars  have 
generally  relatively  high  m  values. 

The  observational  program  of  photo- 
electric four-color  observations  of  A2  to 
GO  stars  brighter  than  6.5  mag  and  north  of 
—  10°  has  been  continued  for  the  right 
ascensions  3h  to  17h  at  Kitt  Peak  National 
Observatory  in  January,  February,  and 
May  1961  and  has  now  been  completed. 

It  is  intended  to  use  the  data  for  A2  to 
F4  stars  for  a  study  of  space  motions  of 
the  stars  grouped  according  to  age  on  the 
basis  of  the  photoelectric  photometry.  For 
the  F5  to  GO  stars  it  is  intended  to  study  the 
correlation  between  space  motion,  age,  and 
chemical  composition. 

During  August  and  September  1960,  Dr. 
Stromgren  used  the  48-inch  schmidt  tele- 
scope on  8  nights  for  a  survey  in  high 
galactic  latitudes  of  Population  II  main- 
sequence  F  and  G  stars  with  high  ultra- 
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violet  excess.  All  together,  39  program 
plates  (10  X  10  inches)  were  obtained. 
Each  plate  has  one  ultraviolet-filter  ex- 
posure (28  minutes'  exposure  time)  and 
one  yellow-filter  exposure  (3  minutes'  ex- 
posure time).  The  image  strengths  are 
about  matched  for  main-sequence  F5  stars 
of  Population  I.  The  limiting  magnitude 
is  17m. 

The  evaluation  of  the  plates  will  be  car- 
ried out  with  the  help  of  an  automatic 
scanner  that  will  select  about  3  per  cent 
of  the  stars  for  microphotometric  measure. 
On  the  basis  of  these  measures  about  1  per 
cent  of  the  stars  brighter  than  15.5  mag 
visual,  with  the  highest  ultraviolet-yellow 
intensity  ratios,  will  be  selected  for  photo- 
electric U,  B,  V  photometry. 

During  May  1961,  18  additional  plates 
were  obtained  on  this  program  in  4  nights 
of  observing  with  the  48-inch  schmidt 
telescope. 

Dr.  George  Wallerstein,  of  the  Uni- 
versity of  California  at  Berkeley,  is  at 
present  analyzing  the  abundances  in  31  G 
dwarfs  from  100-inch  coude  spectra  at  15 
A/mm  in  the  yellow  region.  The  stars 
show  metal-to-hydrogen  ratios  from  twice 
the  solar  value  to  1/7  of  the  solar  value. 
All  the  metal-poor  stars  show  a  greater  de- 
ficiency of  manganese  than  of  any  other 
element;  the  manganese-to-iron  seems  to 
go  down  in  proportion  to  the  iron-to-hy- 
drogen ratio.  In  some,  but  not  all,  metal- 
poor  stars  the  elements  magnesium,  sili- 
con, calcium,  and  titanium  are  somewhat 
less  deficient  than  the  other  seven  metals 
studied.  These  are  the  elements  produced 
by  the  addition  of  successive  a  particles  to 
Ne20,  and  this  effect  shows  that  this  a 
process  is  distinct  from  the  processes  that 
make  such  other  light  elements  as  sodium 
and  scandium.  These  last  two  elements 
do  not  show  the  abundance  anomalies  of 
the  4a  elements.  The  motions  of  the  pro- 
gram stars  are  being  analyzed  to  see 
whether  there  are  correlations  between  the 
chemical  compositions  and  the  galactic 
orbits  of  the  stars. 

Dr.  Wallerstein  and  two  graduate  stu- 


dents, Mrs.  Y.  Stone  and  Mr.  J.  Williams, 
are  comparing  abundances  in  the  high- 
velocity  A  star  7  Sextantis  with  Sirius.  A 
curve-of-growth  analysis  showed  that  the 
hydrogen-to-metal  ratios  in  the  two  stars 
are  about  the  same,  but  that  helium  and 
carbon  are  grossly  overabundant  in  7  Sex. 
The  helium-to-hydrogen  ratio  in  7  Sex  is 
about  10.  This  result  is  being  checked  by 
calculating  theoretical  line  strengths  using 
a  model  atmosphere  and  the  dependence 
upon  depth  of  the  population  of  the  23P 
state  of  helium. 

In  cooperation  with  Dr.  H.  L.  Heifer,  of 
the  University  of  Rochester,  Dr.  Waller- 
stein has  started  a  program  of  comparing 
abundances  of  numerous  G8-K2  giants 
with  the  Hyades  K  giants.  A  series  of 
stars  with  ultraviolet  excesses  ranging  from 
0.2  mag  to  deficiencies  of  0.1  mag  have 
been  observed  in  the  yellow  region  of 
6  A/mm.  A  number  of  visual  binaries  are 
also  being  compared  with  the  Hyades  K 
giants  in  the  yellow  and  red  regions  at  the 
same  dispersion. 

Dr.  Kenneth  M.  Yoss,  of  Mount  Holyoke 
College,  has  made  an  investigation  of  the 
luminosities  of  weak  CN  stars.  Spectra  of 
48  stars  with  well  determined  absolute 
magnitudes  have  been  obtained  with  the 
60-inch  reflector  and  X-spectrograph,  using 
the  16-inch  camera.  Fifteen  of  these  stars 
have  weak  cyanogen  absorption.  In  addi- 
tion, spectra  have  been  obtained  of  6  weak 
CN  stars  for  which  reliable  absolute  magni- 
tudes are  not  available.  A  total  of  97  plates 
was  obtained. 

In  previous  work,  using  lower  dispersion 
(4-inch  and  8-inch  cameras),  it  was  found 
that  a  number  of  line  ratios  which  are 
luminosity  sensitive  are  also  strongly  sensi- 
tive to  abundance  variations  (as  indicated 
by  the  strength  of  cyanogen  absorption). 
Using  the  present  higher  dispersion,  line 
ratios  measured  from  direct-intensity 
microphotometer  tracings  will  be  found 
which  are  luminosity  sensitive  but  not  ap- 
preciably affected  by  abundance  variations. 
Ultimately  the  luminosities  of  weak  CN 
stars  relative  to  normal  CN  stars  will  be 
determined. 
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INTRODUCTION 

The  Geophysical  Laboratory  continues  Yoder  and  Tilley  have  established  that 

its  broad  program  o£  studying  the  earth  the  join  forsterite-albite  no  longer  exists  at 

through   application   of  the   physical  sci-  30,000  atmospheres.    They  emphasize  the 

ences.    Many  of  our  activities  center  on  role  of  pressure  in  determining  which  of 

physicochemical    investigations    of    phase  two  liquid  descent  lines  will  be  established 

equilibria  in  mineral  systems.    However,  by  the  crystal  fractionation  of  a  basaltic 

members  of  our  staff  have  participated  in  liquid.    Fractionation  occurring  above  a 

a  number  of  related  activities,  including  the  certain  pressure  leads  to  "alkaline"  basalts 

Mohole,   Plowshare,   and   the   space  pro-  and  their  derivatives,  whereas  fractiona- 

gram.  The  remarkable  freedoms  we  enjoy  tion    below    this    pressure    gives    rise    to 

as  members  of  the  Institution  permit  un-  "tholeiitic"  lava  types.    The  well  known 

usual  initiative  and  constructive  associa-  close    field    association    of    alkaline    and 

tions.   Some  of  our  research  activities  are  tholeiitic  types  has  so  far  found  no  explana- 

outlined  in  the  following  pages.  tion.    According  to  the  Yoder-Tilley  hy- 

Basalts-and  granites  are  of  great  petro-  pothesis  this  association  might  reflect  dia- 
logic importance,  and  experimental  work  ferent  depths  of  origin  of  the  liquids  con- 
in  this  Laboratory  has  dealt  with  silicate  cerned.  The  fact  that  in  basaltic  lavas 
systems  relevant  to  both.  While  systems  eclogite  nodules  are  almost  exclusively  con- 
closely  comparable  in  composition  to  fined  to  alkaline  varieties  is  compatible 
granites    have   proved   amenable   to   sue-  with  this  inference. 

cessful  experimentation  and  interpretation,  The  relation  of  heat  generated  by  radio- 
progress  in  the  understanding  of  basalts  active  decay  in  the  crust  and  the  heat 
has  been  less  substantial,  reflecting  the  flow  up  to  the  surface  of  the  earth  is  of 
greater  chemical  and  mineralogical  com-  great  importance  to  both  geophysics  and 
plexity  of  these  rocks.  Using  more  geochemistry.  The  considerable  variability 
sophisticated  X-ray  and  high-pressure  tech-  of  heat  flow  observed  has  been  attributed 
niques  a  new  and  fruitful  series  of  experi-  to  different  degrees  of  upward  concentra- 
ments  is  now  in  progress.  tion  of  radioactive  substances  in  the  outer 

Hytonen  and  Schairer  have  presented  few  hundred  kilometers.    Using  an  elec- 

the  first  detailed  equilibrium  studies  of  the  tronic  computer  as  an  experimental  aid, 

substitution  of  aluminum   for  silicon  in  Clark  has  probed  the  consequences  of  dif- 

pyroxenes  on  the  join  enstatite-anorthite-  ferent  distributions  of  radioactivity  on  heat 

diopside.   As  much  as  17  per  cent  of  the  flow.  He  concludes  that,  owing  to  the  long 

silicon  of  some  pyroxenes  can  be  replaced  time  intervals  involved  since  the  creation 

by  aluminum.  of  the  earth,  thermal  effects  now  observed 

Boyd  has  continued  his  studies  of  the  at  the  surface  are  related  directly  to  the 

melting  behavior  and  phase  transforma-  total  amounts  of  radioactivity  in  the  outer- 

tions  of  albite,  enstatite,  and  diopside  under  most  few  hundred   kilometers.    The  ob- 

pressures  up  to  50,000  atmospheres.    He  served  variations  in  flow  must  therefore 

concludes  that  no  plagioclase  can  exist  in  reflect  regional   inhomogeneities   in   total 

the  crust  at  pressures  greater  than  30,000  amount  rather  than  the  vertical  distribu- 

atmospheres.  Thus,  at  a  depth  of  100  kilo-  tion  of  radioactivity. 

meters  basalt  as  we  know  it  cannot  exist.  In    closed    arrays — e.g.,    tables    of    per- 

Basalt  compositions  if  present  in  this  re-  centages     or    proportions — variances    are 

gion  probably  take  the  form  of  garnet-  never  wholly  independent  of  one  another, 

pyroxene  aggregates  similar  to  eclogite.  and  most  of  the  covariances  are  powerfully 
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influenced    by    the    variances.     Common  By    means   of   isotope   dating   methods 

throughout    the    natural    sciences,    closed  Schreyer  and  Davis  have  been  able  to  con 

arrays  are  particularly  important  in  petrog-  tribute  decisive  data  toward  settlement  of 

raphy.  There  must  always  be  negative  cor-  a    long-standing    controversy    about    the 

relation  in  a  closed  array,  and  in  last  year's  stratigraphic  and  metamorphic  age  of  the 

report   Chayes   showed   that   in   a   closed  Moldanubian    region    of    the    Bohemian 

array  containing  M  variables  subject  to  a  mass. 

common  variance  the  expected  value  for  Doe  has  been  pursuing  an  interesting  op- 
any  correlation  is  (1  —  M)-1.  He  has  now  portunity  for  using  natural  lead  isotopes  as 
found  that  if  the  variance  of  some  one  of  tracers.  Potassium  feldspar  minerals  have 
the  variables  exceeds  that  of  the  others  its  a  structure  that  accommodates  lead  but 
negative  correlations  with  them  will  be  discriminates  against  uranium  and  tho- 
strengthened  and  positive  correlation  may  rium.  He  finds  that  in  the  absence  of 
be  forced  upon  the  variables  of  common  metamorphism  lead  in  potassium  feldspars 
variance.  If  the  excess  of  unique  over  from  granites  and  metasediments  reflects 
common  variance  is  approximately  an  the  lead  isotopic  constitution  of  the  en- 
order  of  magnitude,  the  relationships  are  vironment  at  the  time  of  crystallization, 
very  like  those  between  Si02,  AI2O3,  MgO,  On  the  other  hand,  in  two  cases  of  fairly 
CaO,  and  FeO  in  the  well  known  Harker  mild  metamorphism — contact  and  regional, 
variation  diagram.  In  the  absence  of  de-  in  which  recrystallization  probably  did  not 
partures  from  random  association,  a  strong  occur — lead  nevertheless  entered  the  feld- 
negative  correlation  (  —  0.6  to  —0.8)  would  spar. 

be  anticipated  between  Si02  and  any  of  Turnock   and   Lindsley   have   been    in- 

the  other  oxides,  and  a  sizable  positive  cor-  vestigating  the  stability  of  iron-aluminum 

relation  (0.2  to  03)  between  any  pair  not  and  iron-titanium  spinels.  Spinels  are  prob- 

including  silica.    The  standard  "nul  hy-  ably  important  constituents  of  the  interior 

pothesis"  test,  based  on  the  probability  of  of  the  earth.    In  their  early  experiments 

drawing  an  observed  correlation  from  a  oxygen   fugacity   was  controlled   through 

parent  population  in  which  the  true  cor-  buffer  systems  in  which  hydrogen  passed 

relation  is  zero,  would  thus  be  inappropri-  freely  through  a  platinum  container  wall, 

ate  for  either  type  of  comparison.  At  low  oxygen  fugacities,  however,  iron 

Chayes  also  points  out  that  the  number  alloys  with  platinum.    This  difficulty  has 

of    independent    comparisons    in    an    M-  been   met  by   substituting  silver  for   the 

variable  closed  array  is  never  more  than  platinum,  and  thus  it  has  been  possible 

M(M  —  3)/2,  gives  rules  for  selecting  an  to  study  the  stability  of  spinels  over  a  wide 

independent  set,  and  argues  that  signifi-  range  of  conditions, 

cance  testing  must  be  confined  to  the  mem-  Zies  has  completed  a  check  analysis  of 

bers  of  such  a  set.  For  M  small,  as  in  much  a  well  known  and  extraordinary  titanif- 

petrographic  work,  this  restriction  is  ex-  erous  basalt;  he  and  Chayes  are  continu- 

ceedingly  important.  If  variances  are  pre-  ing  their  study   of  composition   relations 

assigned  or   estimated  from   the  sample,  between  feldspar  phenocrysts  and  ground- 

for  instance,  the  widely  used  ternary  dia-  mass  in  siliceous  lavas.  Suzuki  is  engaged 

gram  contains  no  independent  covariance.  in  a  detailed  study  of  variations  in  modal 

Knowledge  of  the  lead  content  of  dunite  composition  in  and  between  members  of 

and  eclogite  is  important  to  estimates  of  the  intrusive  complex  of  the  Port  Clyde 

the  earth's  thermal  history.    Using  both  Peninsula,  Maine. 

isotope    dilution   and   activation   analysis,  Greenwood  has  set  up  and  brought  into 

Tilton  has  found  that  dunites  and  eclogites  successful  operation  a  new  apparatus  for 

have  extremely  low  lead  content.  the  study  of  the  systems  MgO-CaO-Si02- 
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H2O-CO2  in  the  presence  of  a  large  excess 
of  the  two  volatile  components.  One  of 
the  ternary  joins  in  the  system,  the  sub- 
system MgO-Si02-H20,  is  being  rein- 
vestigated with  particular  emphasis  on  the 
stabilities  of  talc  and  anthophyllite.  Re- 
versible reactions  at  2000  bars  have  shown 
anthophyllite  and  quartz  to  be  more  stable 
than  talc  in  the  temperature  range  675°  to 
750  °C.  Above  750  °C  neither  talc  nor 
anthophyllite  is  stable,  both  giving  way  to 
the  assemblage  enstatite  +  quartz. 

Kullerud  has  established  that  a  two- 
liquid  field  exists  above  1082  °C  in  the 
sulfur-rich  portion  of  the  Fe-S  system.  This 
two-liquid  region  may  have  important 
bearing  on  the  formation  of  certain  sulfide 
ores  by  magmatic  segregation  of  an  im- 
miscible metal-rich  liquid  from  the  silicate 
liquid  phase. 

The  effect  of  pressure  on  the  stability 
of  polydymite  (NI3S4)  was  studied  by 
Kullerud  and  Yund.  This  is  the  first  time 
that  the  effect  of  pressure  on  a  peritectoidal 
breakdown  of  a  sulfide  mineral  has  been 
determined.  The  maximum  temperature 
limit  for  polydymite  under  its  vapor  pres- 
sure is  356° C.  This  is  increased  only 
slightly  by  a  confining  pressure  of  2000 
bars,  indicating  that  the  pressure  may  be 
neglected  for  most  geological  applications. 

A  study  of  the  polymorphic  relations 
of  pararammelsbergite-rammelsbergite 
(NiAs2)  by  Yund  has  emphasized  the  need 
for  caution  when  using  polymorphic  sul- 
fide-type  minerals  as  indicators  of  geologi- 
cal temperatures.  Less  than  1  weight  per 
cent  sulfur  substituting  for  arsenic  lowers 
the  NiAs2  inversion  approximately  115°C. 
Minor  elements  in  solid  solution  un- 
doubtedly have  a  similar  effect  on  other 
sulfide  mineral  transformations. 

A  significant  advance  has  been  made  by 
Yund  and  Kullerud  in  determining  the 
mineralogical  relations  in  the  systems  Cu- 
Fe-S,  Cu-Fe-O,  and  Cu-S-O.  Cubanite 
(CuFe2S3)  has  been  shown  to  exist  in  three 
stable  modifications,  and  only  the  highest- 
temperature  modification  forms  complete 
solid  solution  with  chalcopyrite  (CuFeS2). 


An  important  result  of  a  study  in  the 
Cu-Fe-O  system  is  that  the  copper  oxides, 
cuprite  (Cu20)  and  tenorite  (CuO),  are 
both  incompatible  with  either  magnetite 
(Fe304)  or  hematite  (Fe203). 

A  study  of  the  Fe-Se  system  by  Troften 
and  Kullerud  has  shown  that  ferroselite 
(FeSe2)  is  stable  only  below  585  °C.  These 
observations  help  define  the  conditions 
under  which  the  iron  selenides  form  in 
nature. 

Ramdohr  and  Kullerud  have  been  ex- 
amining the  mineralogy  of  meteorites.  In 
addition  to  noting  the  presence  of  nearly  a 
score  of  minerals  that  had  already  been 
found  by  others,  they  have  identified 
bravoite  and  pyrite  for  the  first  time  in 
meteorites.  Comparisons  of  the  mineral 
assemblages  found  in  many  of  these  mete- 
orites with  assemblages  of  stable  com- 
pounds known  in  synthetic  systems  indi- 
cate lack  of  equilibrium  among  the  various 
phases  even  over  short  distances. 

J.  D.  H.  Donnay  (Johns  Hopkins  Uni- 
versity) and  G.  Donnay  report  special 
progress  in  the  field  of  crystal  morphology, 
with  a  further  clarification  of  the  relation- 
ships that  exist  between  external  forms  and 
internal  structure  of  crystals.  In  contrast 
to  the  geometric  concept  of  "crystal  struc- 
ture," the  energetic  concept  of  "bond  as- 
semblage" is  introduced.  Bond  assemblages 
control  the  morphology  of  crystals;  con- 
versely, observations  on  the  relative  fre- 
quencies of  crystal  forms  can  yield  informa- 
tion on  bonding,  which  may  help  unravel 
some  crystal  structures.  An  interesting  ex- 
ample is  found  in  the  columbite  solid 
solutions,  a  peculiarly  favorable  case,  in 
which  nine  atomic  parameters  out  of  thir- 
teen can  thus  be  determined  from  mor- 
phology. 

Hoering  and  Abelson,  studying  carbon 
isotope  fractionation  by  microorganisms 
growing  on  glucose  as  the  sole  carbon 
source,  found  that  the  bulk  of  the  cell  ma- 
terial has  an  isotopic  composition  similar 
to  that  of  the  glucose.  The  isotope  effect  in 
the  reduction  of  carbon  dioxide  in  photo- 
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synthesis  is  the  primary  cause  o£  the*  low 
C13  content  of  living  material.  The  lipide 
fraction  of  these  cells  showed  the  same 
depletion  in  C13  relative  to  the  carbohy- 
drate fraction  as  in  photosynthetic  organ- 
isms— an  indication  that  the  depletion  is 
a  general  phenomenon  in  plants. 

Hoering  has  studied  the  effect  of  physical 
conditions  of  geological  interest  on  isotope 
fractionation  during  chemical  reaction.  He 
found  that  pressure  is  not  an  important 
variable,  but  that  for  aqueous  systems  the 
activity  coefficients  of  the  isotopic  forms  of 
water  must  be  taken  into  account. 

Abelson  has  observed  the  degradation  of 
amino  acids  in  proteins  of  Chlorella 
pyrenoidosa  at  elevated  temperatures.  He 
finds  that  10  days  at  170  °C  is  about  equiva- 
lent to  70  days  at  143  °C.  These  exposures 
leave   a   mixture  of   amino   acids  almost 


identical  in  relative  composition  to  those 
found  in  25-million-year-old  fossils  that 
have  experienced  temperatures  of  about 
15°C. 

Abelson  has  also  examined  the  possibility 
of  extraterrestrial  life  in  our  solar  system. 
On  the  basis  of  a  careful  study  of  the  lunar 
and  planetary  environments  and  of  known 
biological  capacities  and  requirements,  he 
concludes  that  life  as  we  know  it  cannot 
exist  on  the  moon  or  planets,  including 
even  Mars. 

The  Geophysical  Laboratory  had  a  major 
role  in  the  organization  and  staging  of  two 
important  symposia:  the  Symposium  on 
Cratering,  held  at  the  Laboratory,  March 
28-29,  1961;  and  the  Symposium  on  Major 
Biologic  Innovations  and  the  Geologic 
Record,  held  at  Big  Meadows  Lodge,  Sky- 
line Drive,  Virginia,  on  June  14-16,  1961. 


SIMPLE  BASALT  SYSTEMS 
H.  S.  Yoder,  Jr.,  and  C.  E.  Tilley 


Derivation  of  Magma  Types  from  a 
Primary  Magma 

Field  investigators  recognize  two  princi- 
pal basaltic  magmas,  a  tholeiite  type  and 
an  alkali  basalt  type.  Each  of  these  basalt 
types  has  been  nominated  as  the  parental 
or  primitive  basalt.  The  question  is,  then, 
is  either  of  them  the  parent  of  the  other, 
is  there  a  third  as  yet  unknown  primary 
magma  type,  or  do  the  major  basalt  types 
arise  independently  of  each  other? 

The  major  basalt  types  can  be  adequately 
represented  in  a  generalized  tetrahedron 
based  on  diopside-nepheline-forsterite- 
silica,  which  is  being  studied  in  detail  at 
1  atmosphere  (Year  Book  59,  p.  67,  fig.  15). 
A  plane  close  to  diopside-albite-forsterite 
in  this  tetrahedron  constitutes  a  thermal 
barrier  (Year  Book  56,  pp.  159-160;  see 
also  Hytonen  and  Schairer,  this  report). 
Liquids  may  fractionate  to  either  side  of 
this  plane,  to  the  silica-rich  or  the  nephe- 
line-rich  side,  but  not  through  the  plane. 
For  example,  consider  the  plane  forsterite- 
nepheline-silica    given    in    figure    35    by 


Schairer  and  Yoder.  Liquids  to  the  right  of 
forsterite-albite  fractionate  toward  silica, 
that  is  toward  tholeiitic  rocks;  and  those 
to  the  left  of  forsterite-albite  proceed  to- 
ward nepheline,  that  is  toward  alkali  rocks. 
This  behavior  is  also  supported  by  studies 
on  the  systems  anorthite-nepheline-silica 
(Schairer,  1957,  p.  232),  diopside-nephe- 
line-silica  (Schairer  and  Yoder,  1960), 
spinel-nepheline-silica  (Schairer  and 
Yoder,  Year  Book  57,  p.  211),  and  fayalite- 
nepheline-silica  (Bowen  and  Schairer, 
1938).  It  is  clear  from  these  equilibrium 
studies  at  1  atmosphere  that  no  one  liquid 
can  yield  both  silica  and  nepheline  deriva- 
tives, because  of  the  thermal  barrier  on  or 
near  the  plane  olivine-plagioclase-clino- 
pyroxene,  that  separates  the  two  principal 
basalt  types. 

Investigations  were  made,  therefore,  to 
see  whether  liquids  could  cross  the  thermal 
barrier  by  means  of  such  processes  as 
crystal  settling,  oxidation,  and  hydration. 
Under  special  circumstances  each  of  these 
processes  may  permit  breaching  of  the  bar- 
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rier  between  the  two  principal  basalt  types; 
in  general,  however,  these  circumstances 
are  too  restrictive  to  account  for  the  uni- 
versal nature  of  the  two  basalt  trends.  For 
this  reason  the  nature  of  the  barriers,  which 
are  carefully  defined  at  1  atmosphere,  was 
re-examined.  The  barrier  join  forsterite- 
albite  (fig.  36),  for  example,  could  no 
longer  exist  if  albite  itself  were  no  longer 
stable  at  high  pressure  as  shown  by  Birch 


and  LeComte  (1960).  Through  the  kind- 
ness of  England  and  Boyd  a  few  pre- 
liminary experiments  were  carried  out  at 
about  30  kb  to  test  this  possibility.  It  was 
found  that  the  stable  joins  at  30  kb  were 
forsterite-jadeite  and  jadeite-clinoenstatite, 
along  which  extensive,  possibly  complete, 
solid  solution  existed  (fig.  la) .  The  barrier 
join  forsterite-albite  no  longer  existed  at 
the  high  pressure.  A  bulk  composition  in 
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Fig.  1.  (a)  The  stable  joins  in  the  system  nepheline-forsterite-Si02  at  1  atmosphere  (solid  lines)  as 
given  by  Schairer  and  Yoder  (this  report)  and  at  about  30  kb  (dashed  lines)  near  the  solidus.  (b) 
The  stable  joins  in  the  system  kalsilite-forsterite-Si02  at  1  atmosphere  (solid  lines)  as  given  by 
Schairer  (1954)  and  at  about  30  kb  (dashed  line)  near  the  solidus.  (c)  The  stable  joins  in  the  sys- 
tem Ca-Tschermak's  molecule-forsterite-Si02  at  1  atmosphere  (solid  lines)  as  given  in  part  by  An- 
dersen (1915)  and  Hytonen  and  Schairer  (this  report)  and  at  about  30  kb  (dashed  line)  in  the  more 
general  projection  from  A1203  as  given  by  Chinner,  Boyd,  and  England  (Year  Book  59). 
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the  area  forstcrite,  enstatite,  and  the  inter- 
section of  the  joins  forsterite-albite  and 
jadeite-clinoenstatite,  which  would  be  close 
to  that  of  some  peridotites,  has  two  options. 
At  high  pressure  such  bulk  compositions 
may  produce  alkali-type  derivatives,  and  at 
low  pressure  may  produce  tholeiite-type 
derivatives;  that  is,  at  high  pressure  the 
thermal  barrier  jadeite-enstatite  is  opera- 
tive and  at  low  pressure  the  thermal  bar- 
rier is  forsterite-albite.1  On  this  basis  it 
appears  possible  for  one  magma  on  frac- 
tionation at  different  pressures  to  produce 
the  two  principal  magma  trends. 

The  derivation  of  the  alkali-type  magma 
from  greater  depths  than  the  tholeiitic- 
type  magma  by  this  or  other  mechanism  to 
be  presented  may  also  explain  the  succes- 
sion of  magmas  observed  in  the  volcanoes 
of  the  Hawaiian  Islands.  The  appearance 
of  large  volumes  of  tholeiitic  lavas  followed 
in  the  closing  stages  of  activity  by  alkali- 
type  lavas  and  finally  nepheline  basalts 
suggests  that  the  source  of  magma  in- 
creases in  depth  with  time.  The  last  two 
magmas  are  presumably  derived  from  what 
may  loosely  be  called  an  eclogite-type  frac- 
tionation as  opposed  to  a  basalt-type  frac- 
tionation. 

Other  barrier  joins  were  examined  to 
test  the  probability  of  this  mechanism  for 
a  wider  range  of  composition.  The  join 
forsterite-anorthite  was  examined  for  a 
possible  breach  in  the  thermal  barrier. 
Chinner,  Boyd,  and  England  (Year  Book 
59,  p.  76)  in  making  a  complete  series  of 
garnets  from  grossularite  to  pyrope  proved 
incidentally  that  the  join  forsterite-anor- 
thite is  also  broken  at  30  kb  (fig.  \e).  It 
is  of  interest  to  note  that  troctolites  could 
not  exist  at  this  pressure. 

These  results  (fig.  \a  and  c)  when  com- 

^The  high-pressure  barrier  would  appear  to 
imply  that  enstatite  melts  congruently  rather  than 
incongruently  as  it  does  at  1  atmosphere.  This  is 
not  a  necessary  condition,  even  though  a  very 
likely  event  (see  Boyd  and  England,  this  report), 
for  separation  of  the  invariant  points  in  the 
systems  jadeite-enstatite-quartz  and  jadeite-en- 
statite—forsterite. 


bined  cast  new  light  on  the  behavior  of 
basalt  at  30  kb.  Since  an  iron-free  basalt 
may  be  represented  for  the  most  part  by 
plagioclase,  diopside,  and  forsterite,  the  fol- 
lowing reaction  obtains : 

NaAlSisOs  +  CaAl2Si208  + 


plagioclase 
CaMgSioOe  +  Mg2Si04  *± 

diopside  forsterite 

NaAlSi2Oe  +  CaMgSi206  + 

v ^_ > 

omphacite 

CaMg2Al2Si3Oi2  +  Si02 
garnet  quartz 

The  latter  assemblage  is,  of  course,  called 
eclogite.  The  albite  of  the  plagioclase 
breaks  down  to  jadeite  +  quartz  as  in- 
dicated in  figure  la,  and  the  anorthite  of 
the  plagioclase  reacts  with  olivine  to  form 
garnet  as  shown  in  figure  If.  On  this  basis 
it  was  reasoned  that  most  basalts  should 
have  a  corresponding  eclogite  of  equivalent 
composition.  Again  with  the  help  of 
England  and  Boyd  six  basalts  believed  to 
be  representative  of  the  major  types  were 
subjected  to  1200 °C  and  30  kb.  Under  these 
conditions  a  quartz  dolerite,  a  tholeiite,  an 
olivine-rich  tholeiite,  and  an  alkali  basalt 
yielded  clinopyroxene  +  garnet  +  quartz. 
A  high-alumina  basalt  gave  clinopyrox- 
ene +  a  large  amount  of  garnet.  A  nephe- 
line basalt  gave  mainly  clinopyroxene.  An 
eclogite  remained  unchanged  under  the 
same  conditions. 

A  more  detailed  study  on  the  relations  of 
basalt  to  eclogite  was,  therefore,  carried 
out  using  high-pressure  apparatus,  similar 
to  that  of  Boyd  and  England  (1960),  kindly 
made  available  by  S.  P.  Clark,  Jr.,  and 
Yoder's  high-pressure  apparatus  (Yoder, 
1950#).  The  results  outlining  in  a  pre- 
liminary way  the  possible  relationship  of 
eclogite  to  basalt  and  their  melting  rela- 
tions are  depicted  in  figure  2.  The  data 
presented  were  obtained  from  the  Glenelg, 
Scotland,  eclogite  (Cambridge  no.  35090) 
and  substantiated  by  runs  on  the  Loch 
Duich,  Scotland,  eclogite  (Cambridge  no. 
35083)  already  described  (Year  Book  58, 
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p.  90).    Also   shown   are   the    runs  on  a  and   continents   is  due  to   the  change  of 

natural  basalt  between  33  and  40  kb  and  basalt  to  eclogite  is  also  given.  Several  very 

1200°C  by  Boyd  and  England  (Year  Book  important  observations  can  be  made  on  the 

58,  p.  88)   and  those  of  Kennedy   (1959;  basis  of  these  preliminary  results. 
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Fig.  2.  Preliminary  diagram  of  the  probable  relations  between  basalt  and  eclogite  and  their  deter- 
mined melting  behaviors  based  on  natural  materials.  The  predicted  transformation  curve  of  basalt 
to  eclogite  as  given  by  Lovering  (1958)  is  shown  in  long  dashes.  The  question  mark  indicates  un- 
specified complex  relations  in  a  region  not  reliably  accessible  with  the  available  apparatus. 


verbal  communication,  1961)  between  10  The  melting  of  eclogite  takes  place  in 

and  14  kb  and  500° C.  The  curve  relating  an  extremely  small  temperature  range,  ap- 

eclogite  to  basalt  constructed  by  Lovering  proximately  60°  C.  Over  most  of  this  range 

(1958)   on  the  assumption  that  the  Mo-  of  temperatures   both   garnet   and   clino- 

horovicic  discontinuity  under  the  oceans  pyroxene  appear  to  melt  together;  clino- 
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pyroxene  appears  to  be  the  liquid  phase. 
(Quenching  of  the  liquid  yielded  much 
feathery  clinopyroxene  as  a  quench  prod- 
uct.) The  composition  of  eclogites  (and 
basalts)  apparently  lies  close  to  the  bound- 
ary curve  between  the  fields  of  garnet 
and  clinopyroxene  (see  fig.  3).  The  nature 
of  this  melting  behavior  is  illustrated  in 


and  the  melting  interval  is  small,  it  is  con- 
cluded that  eclogites  themselves  are  prob- 
ably the  partial  melting  product  of  a  more 
primitive  roc\,  presumably  peridotite.  In 
fact,  it  may  be  said  with  some  reservations 
that  at  high  pressure  eclogite  is  related  to 
a  more  primitive  rock  (e.g.,  peridotite 2)  as 
granite  is  related  to  basalt  at  low  pressures. 


AI203  +  Fe203-(Na20  +  K20) 


CaO 


MgO  +  FeO  +  MnO[+Ti02] 


Mol  per  cent 


Fig.  3.  An  ACFm  plot  of  analyzed  basalts  (numbered  circles)  and  eclogites  (lettered  crosses) 
with  the  respective  analyzed  garnets  (circles  with  primed  capital  letters),  clinopyroxenes  (circles 
with  capital  letters),  and  orthopyroxene  (circle  with  double-primed  capital  letter).  The  cluster  of 
points  marking  the  bulk  composition  of  basalts  and  eclogites  is  presumed  to  delineate  in  a  crude 
way  the  boundary  curve  between  the  liquidus  fields  of  garnet  and  clinopyroxene. 


principle  in  figure  4.  The  liquid  Li  is  the 
first  liquid  to  form  for  the  bulk  composi- 
tion X;  L2  is  the  composition  of  liquid 
forming  at  the  highest  temperature  at 
which  garnet  and  clinopyroxene  coexist 
with  liquid.  The  increase  in  temperature 
represented  by  the  change  in  composition 
of  liquid  from  Lx  to  L2  is  slightly  under 
60 °C.  Because  the  two  major  phases  ap- 
pear almost  simultaneously  on  the  liquidus 


In  spite  of  the  small  melting  range,  frac- 
tionation during  the  melting  of  eclogite 
will  be  unique.  Because  the  clinopyroxene 
contains  most  of  the  normative  diopside, 

2  Harris  and  Rowell  (1960)  report  in  some 
preliminary  experiments  that  at  1  atmosphere  the 
partial  fusion  of  a  synthetic  peridotite  yields 
basalt.  The  partial  fusion  product  of  basalt  at 
the  same  pressure,  however,  is  generally  believed 
to  be  granite.  Granite,  of  course,  cannot  exist  at 
pressures  in  excess  of  the  breakdown  of  albite. 
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albite,  and  nepheline,  and  the  garnet  con- 
tains most  of  the  normative  anorthite, 
hypersthene,  and  olivine,3  separation  of 
either  of  these  phases  will  have  considera- 
ble influence  on  the  composition  of  the 
liquid.  The  nature  of  the  division  of  the 
normative  minerals  suggests  an  obvious 
mechanism,  by  either  a  physical  or  a  physi- 


Fig.  4.  Schematic  illustration  of  the  melting 
relations  between  the  two  complex  solid  solu- 
tions clinopyroxene  (Cpxss)  and  garnet  (Grss), 
which  constitute  the  greater  part  of  eclogite.  The 
liquid  Lx  is  the  first  liquid  to  form  from  the  bulk 
composition  X;  L2  is  the  composition  of  liquid 
at  the  highest  temperature  at  which  liquid  co- 
exists with  both  garnet  and  clinopyroxene.  The 
boundary  curve  between  the  liquidus  fields  of 
clinopyroxene  and  garnet  is  derived  in  principle 
from  figure  3  and  the  observed  melting  relations. 

cochemical  process,  for  generating  the  two 
principal  magma  types.  Effective  removal 
of  garnet  at  high  pressure  will  enrich  the 
liquid  in  the  clinopyroxene  components 
and  yield  an  alkali-type  liquid  at  low  pres- 
sure; effective  removal  of  clinopyroxene  at 
high  pressure  will  enrich  the  liquid  in 
the  garnet  components  and  yield  a  tho- 
leiitic-type  liquid  at  low  pressure.  An  im- 

3Bowen  (1928,  p.  164)  had  noted  that  basalts 
with  olivine  in  excess  of  12  to  15  per  cent  were 
usually  porphyritic  and  were  the  product  of 
crystal  settling.  The  limitation  of  olivine  con- 
tent in  normal  basalts  may  be  due  to  the  restric- 
tions imposed  by  the  composition  of  garnet  in  the 
source  rock,  eclogite,  rather  than  the  high 
liquidus  temperature  imposed  at  1  atmosphere  by 
large  amounts  of  olivine. 


portant  observation  is  that  the  fractionation 
depends  not  on  plagioclase  and  clinopyrox- 
ene, as  in  basalt,  but  on  garnet  and  clino- 
pyroxene. If  the  liquids  that  give  rise  to 
basalt  at  low  pressure  originate  at  pres- 
sures in  excess  of  20  kb,  the  differences  in 
origin  of  basalt  magmas,  therefore,  cannot 
be  expressed  in  terms  of  the  minerals  of 
basalts  but  rather  in  terms  of  the  minerals 
of  eclogite.  The  fractionation  scheme  de- 
vised by  Bowen  (1928),  which  hinges  in 
large  part  on  the  plagioclases,  obviously 
could  not  be  used  to  describe  the  changes 
in  magmas  at  depth. 

It  is  necessary,  then,  to  ask  at  what  depth 
basalt  magmas  originate.  The  most  prob- 
able depth  of  formation  has  been  given 
by  seismologists  as  between  50  and  100  km. 
As  can  be  seen  by  the  depth  scale  on  the 
right  side  of  figure  2  (assuming  that  the 
average  density  is  2.73) ,  magma  of  basaltic 
composition  appears  to  form  in  a  region 
where  the  minerals  characteristic  of  basalt 
are  not  stable.  The  differences  in  magmas 
that  yield  basalt  at  shallow  depths,  there- 
fore, must  be  related  to  differences  arising 
during  the  melting  process  of  eclogite  and 
its  parent. 

On  the  basis  of  the  present  melting  data 
at  20  kb,  the  transformation  of  eclogite  to 
basalt  at  10  kb,  and  Kennedy's  data  at 
500 °C,  it  may  be  concluded  that  the 
Mohorovicic  discontinuity  under  the  oceans 
is  not  due  to  the  change  of  basalt  to 
eclogite.  On  these  grounds  and  in  part  on 
those  set  forth  by  Kuno  (1959),  the  curve 
(fig.  2)  proposed  by  Lovering  is  not  ac- 
ceptable. Attention  is  called  to  the  pressure 
range  and  hence  the  range  of  depth  sug- 
gested by  Kennedy's  data  required  to  com- 
plete the  transformation  of  basalt  to 
eclogite.  The  Mohorovicic  discontinuity, 
on  the  other  hand,  is  believed  by  many  to 
be  relatively  sharp.  Tuve,  Tatel,  and  Hart 
(1954),  however,  point  out  that  the  de- 
marcation between  crust  and  mantle  may 
be  abrupt,  less  than  250  meters,  or  gradual, 
within  several  kilometers  according  to  the 
present   data.    The   nature  of  the   trans- 
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formation  between  the  two  rock  types, 
which  is  dependent  on  very  complex  solid 
solution,  is  believed  to  be  gradual.4  If  the 
continental  Mohorovicic  discontinuity  is 
indeed  the  transformation  of  basalt  to 
eclogite,  it  too  must  extend  over  several 
kilometers. 

The  transformation  of  eclogite  to  basalt 
at  10  kb  was  rapid  near  the  solidus  but  be- 
came extremely  sluggish  below  800  °C. 
The  presence  of  eclogite  in  and  near  dunite 
or  anorthosite,  believed  by  some  to  have 
formed  at  high  temperatures,  raises  some 
further  questions  of  the  origin  of  these 
bodies.  If  eclogite  was  subjected  to  high 
temperatures  within  the  continental  crust 
where  the  pressure  is  presumed  to  be  less 
than  10  kb,  it  would  transform  into  gabbro 
or  basalt.  Since  the  eclogite  is  preserved 
at  the  surface  it  is  likely  that  the  eclogite 
and  hence  the  dunite  or  anorthosite  were 
brought  to  the  surface  at  a  relatively  low 
temperature.  The  deformation  observed  in 
these  bodies  supports  the  idea  of  cold  in- 
trusion. Interestingly,  eclogite  nodules  are 
preserved  for  the  most  part  in  explosive 
tuffs  and  ashes,  but  not  in  basalt  flows 
where  they  would  be  subject  to  long  heat- 
ing at  high  temperature.5 

The  results  also  bear  on  some  reported 
rock  and  mineral  associations  of  specific 
basalts.  Returning  to  figure  la,  an  explana- 
tion is  now  suggested  for  the  occurrence  of 
hypersthene-bearing  nodules  in  alkali  ba- 
salts. For  example,  lherzolites  consisting  of 
olivine,  clinopyroxene,  and  hypersthene  are 

4  Whereas  the  change  of  seismic  velocity  due 
to  the  change  of  composition  of  clinopyroxene 
may  be  slight,  the  part  of  the  reaction  producing 
garnet  will  make  a  large  contribution  to  the 
seismic-velocity  change.  It  is  the  opinion  of  the 
writers  that,  although  the  transformation  may  ex- 
tend over  a  broad  pressure  range,  the  efTective 
change  in  velocity  will  be  realized  over  a  smaller 
pressure  range. 

5  Lovering  (1959)  in  his  reply  to  Kuno's  ob- 
jections (1959)  noted  that  eclogite  nodules  are 
found  in  a  matrix  composed  of  both  massive  and 
brecciated  alkali  basalt.  Although  the  details  are 
not  yet  available,  it  appears  that  these  nodules, 
too,  are  preserved  in  basalt  as  a  result  of  ex- 
plosive eruption. 


known  in  the  1801  flow  of  Hualalai,  a 
nepheline-normative  alkali  basalt  of 
Hawaii.  At  depth  normative-nepheline 
rocks  may  crystallize  a  pyroxene  with  a 
hypersthene  component  because  of  the 
solid  solution  demonstrated  between  jade- 
ite  and  clinoenstatite.  If  brought  to  the 
surface  as  a  nodule  such  a  pyroxene  may 
exsolve  hypersthene.  Kuno  et  al.  (1957) 
have  called  attention  to  the  restriction  of 
eclogite  nodules  to  alkali-type  rocks.  This 
restriction  appears  to  stem  from  the  nature 
of  the  invariant  points  at  high  pressure, 
as  was  mentioned  in  connection  with  fig- 
ure la.  Eclogite  is  not  stable  in  the  pres- 
sure range  at  which  tholeiite-type  rocks 
would  evolve  from  peridotite. 

Shand  (1943)  had  noted  that  nepheline 
and  hypersthene  were  incompatible  phases 
in  rocks  found  at  the  surface.  Several 
workers,  however,  have  reported  pigeonites 
or  pigeonitic  augite  in  nepheline-normative 
rocks.  Reanalysis  by  the  writers  of  the 
same  rock  specimen  in  one  particularly  out- 
standing example  from  the  Marquesas 
Islands  (Barth,  1931)  indicated  that  norma- 
tive nepheline  was  absent  and  that  the 
pyroxenes  were  augites  high  in  titanium. 
Macdonald,  Davis,  and  Cox  (1960,  p.  99) 
also  describe  "pigeonite"  from  some 
nepheline-normative  rocks  of  Kauai;  how- 
ever, they  emphasize  that  identification 
was  based  solely  on  the  existence  of  a 
small  optic  axial  angle.  It  has  been  sug- 
gested that  high  titanium  may  reduce  the 
optic  angle  of  what  might  otherwise  be 
a  normal  augite. 

Shand  (1943)  also  noted  the  incom- 
patibility of  leucite  and  hypersthene  in 
natural  rocks.6  The  equilibrium  studies 
by  Schairer  (1954,  p.  506)  at  1  atmosphere 
indicate  clearly  that  these  phases  are  com- 
patible for  those  conditions.  Because  of  this 
apparent  disagreement,  preliminary  experi- 
ments were  made  at  10  kb  to  test  the  possi- 
bility that  pressure  influences  the  coexist- 

6  The  leucite  and  hypersthene  reported  in  the 
norm  of  the  average  of  two  Hawaiian  picrite- 
basalts  by  Macdonald  (1949)  result  from  an  error 
in  the  calculation  of  the  norm. 


GEOPHYSICAL  LABORATORY         113 


ence  of  these  phases.  The  results  showed 
that  the  join  leucite-enstatite  is  broken  and 
the  join  forsterite-sanidine  becomes  stable 
at  10 kb  (fig.  lb).  Since  potash-rich  natural 
rocks  have  the  mineral  association  forster- 
ite  +  sanidine,  it  is  evident  that  the  as- 
sociation is  inherited  from  depth.  Of 
course,  when  water  is  present  a  phlogopitic 
mica  is  formed,  as  in  kimberlite,  and  more 
complex  relations  exist. 


It  is  evident  that  the  phase  diagrams 
involving  mineral  components  must  now 
be  worked  out  at  high  pressures  with 
the  same  care  as  they  have  been  at  1 
atmosphere  if  full  understanding  of  the 
natural  rocks  is  to  be  achieved.  It  is  clear 
that  the  piezochemistry  of  magma  in  the 
region  of  generation  will  be  different  from 
the  chemistry  of  the  derivative  batches  of 
magma   crystallizing  in   the   crust. 


MELTING  OF  SILICATES  AT  HIGH  PRESSURES 
F.  R.  Boyd  and  f.  L.  England 


It  becomes  increasingly  clear  that  the 
phase  chemistry  of  silicates  in  dry  systems 
at  high  pressures  is  wholly  different  from 
that  familiar  to  us  from  studies  at  atmos- 
pheric pressure.  At  high  pressures,  low- 
density  minerals  such  as  feldspars,  quartz, 
cordierite,  and  the  feldspathoids  are  re- 
placed by  assemblages  of  denser  minerals 
characterized  by  garnets,  jadeite,  kyanite, 
and  coesite.  Equally  important  for  igneous 
petrology  and  geophysics  are  pronounced 
changes  in  the  type  and  temperatures  of 
melting  of  rock-forming  silicates. 

Many  lavas  form  by  melting  in  the 
upper  mantle  at  pressures  above  10  kb.  The 
liquid-crystal  equilibria  in  mantle  rocks 
undergoing  fractional  melting  or  crystal- 
lization at  these  pressures  are  very  different 
from  those  at  relatively  low  pressure  in 
the  crust.  As  lavas  developed  by  melting  in 
the  mantle  migrate  to  the  surface  the 
liquid-crystal  equilibria  may  progressively 
change  until  they  approximate  those  at 
atmospheric  pressure.  But  to  understand 
the  origin  and  chemical  variation  of  these 
lavas  we  must  first  understand  the  changes 
in  melting  relations  produced  by  high 
pressures. 

For  example,  the  pyroxene  enstatite 
melts  incongruently  to  forsterite  +  liquid 
at  atmospheric  pressure.  Bowen  (1928,  p. 
70)  believed  that  this  relationship  carries 
over  into  more  complex  natural  melts,  and 
he  showed  that  separation  of  olivine  crys- 
tals from  a  magma  undersaturated  in  silica 
could  cause  it  to  differentiate  to  an  over- 


saturated  liquid.  There  is  considerable  evi- 
dence in  igneous  rocks  that  have  crystal- 
lized at  relatively  low  pressures  in  the  crust 
to  suggest  that  Bowen's  view  is  correct 
(e.g.,  Hess,  1960,  p.  58).  Data  presented 
herein,  however,  show  that  at  pressures 
at  the  most  above  15  kb  and  probably  above 
6  kb  enstatite  melts  congruently  and  the 
phase  field  of  forsterite  +  liquid  disap- 
pears. 

These  data  place  an  important  restriction 
on  liquid-crystal  fractionation  in  the 
earth's  mantle  and  reveal  a  problem  in 
accounting  for  the  derivation  of  silica-satu- 
rated basalts  from  mantle  rocks.  Petro- 
graphic  studies  of  kimberlites  suggest  that 
the  principal  minerals  in  the  mantle  are 
olivine,  enstatite,  clinopyroxene,  and  py- 
rope.  The  proportions  of  these  phases  are 
uncertain  and  may  vary  somewhat  with 
depth.  Many  oceanic  basalts  derived  from 
the  mantle  are  slightly  oversaturated  in 
silica  (e.g.,  Powers,  1955,  p.  80).  The 
probable  temperature  gradient  in  the 
mantle  is  such  that  these  basalts  must  have 
formed  at  a  depth  of  100  km  or  more 
where  the  pressure  is  in  excess  of  30  kb. 
Since  enstatite  does  not  melt  incongruently 
at  this  pressure,  silica-saturated  basalts 
must  originate  through  some  other  re- 
action. 

One  possibility  is  that  pyrope-rich  garnet 
melts  incongruently  to  a  less  silicic  phase  + 
liquid.  Pure  pyrope  must  melt  incongru- 
ently over  at  least  a  small  temperature 
range  (Boyd  and  England,  Year  Book  58, 
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pp.  83-87),  and  the  melting  reaction  may 
be  pyrope  ^  sapphirine  +  liquid.  The  na- 
ture of  the  reaction  is  uncertain  because  of 
quenching  difficulties.  In  systems  that  con- 
tain appreciable  iron,  sapphirine  would 
probably  be  replaced  by  spinel.  Silica 
would  be  effectively  concentrated  in  the 
liquid  phase  if  the  pyrope-rich  garnet  in 
mantle  rocks  were  to  melt  incongruently 
to  spinel  +  liquid.  Further  experimental 
and  petrographic  data  are  needed  to  prove 
or  disprove  this  possibility. 

MacDonald  (1959)  has  summarized 
arguments  in  favor  of  the  hypothesis  that 
the  over-all  chemical  composition  of  the 
mantle  is  the  same  as  that  of  the  silicate 
fraction  of  chondritic  meteorites.  Table  1 

TABLE  1.   "Eclogite  Norm"  of  Silicate  Fraction 
of  Average  Chondrite 


Weight  Per  Cent 

Fo 
Fa 

31.51 
13.8/ 

45.3 

En 

25.71 

Fs 

10.0 

Wo 

5.0 

y 

49.6 

Jd 

8.9J 

Py 

Aim 

3.6\ 
1.5/ 

5.1 

shows  the  average  silicate  composition  of 
chondrites  (Urey  and  Craig,  1953,  p.  55) 
calculated  as  an  "eclogite  norm."  This 
composition  can  be  expressed  as  a  mixture 
of  45  per  cent  olivine,  50  per  cent  pyroxene, 
and  5  per  cent  garnet.  The  calculated 
compositions  of  the  individual  minerals 
are  in  rough  agreement  with  the  composi- 
tions of  these  phases  in  kimberlites.  In  re- 
calculating the  analysis,  however,  it  was 
assumed  that  all  alumina  not  tied  up  as 
the  component  NaAlSi2Oe  was  crystallized 
as  garnet.  Actually,  this  alumina  might 
be  present  in  solid  solution  in  hypersthene. 
Boyd  and  England  (Year  Book  59,  pp.  49- 
52)  have  shown  that  up  to  at  least  14 
weight  per  cent  AI2O3  is  soluble  in  enstatite 
at  high   pressure.    Hence,  if  the  average 


chondrite  composition  were  crystallized  at 
high  pressure  there  is  a  good  chance  that 
it  would  consist  only  of  olivine  and  alumi- 
nous pyroxene.  Perhaps,  as  MacDonald 
(1959,  p.  488)  has  suggested,  the  mantle  has 
been  differentiated  and  garnet  and  pyrox- 
ene are  concentrated  relative  to  olivine  at 
shallow  depths. 

An  alternative  origin  for  silica-saturated 
basalts  is  suggested  by  Ringwood's  (1958£, 
p.  24)  discussion  of  the  reaction 

MgSi03  <=*  Mg2Si04  (spinel)  +  coesite 

The  existence  of  this  reaction  is  speculative 
and  might  require  a  pressure  as  high  as 
200  kb.  If  coesite  were  present  as  a  stable 
phase  along  with  olivine  or  Mg2Si04 
(spinel),  however,  it  would  be  theoretically 
possible  to  derive  a  silica-saturated  basaltic 
lava  in  the  absence  of  an  incongruent  melt- 
ing relation.  The  depth  required  might  be 
500  to  600  km,  which  seems  rather  great 
for  the  origin  of  lava. 

Measurements  of  the  effect  of  pressure 
on  the  melting  of  silicates  provide  informa- 
tion necessary  for  solution  of  such  problems 
as  the  earth's  present  thermal  gradient  and 
thermal  history.  Since  seismic  data  have 
shown  that  the  mantle  is  largely  crystalline, 
an  estimate  of  the  increase  of  melting  tem- 
perature of  mantle  rocks  with  pressure 
provides  an  upper  limit  for  the  geothermal 
gradient.  Formation  of  lavas  in  the  upper 
mantle  shows  that  in  this  depth  range 
the  temperature  must  be  close  to  the  upper 
limit. 

Data  presented  below  include  the  melt- 
ing curves  of  enstatite  and  diopside,  which 
are  two  of  the  four  probable  major  phases 
in  the  upper  mantle.  Preliminary  data 
have  been  obtained  for  pyrope  (Boyd  and 
England,  Year  Book  58,  pp.  83-87).  The 
curve  for  the  beginning  of  melting  of  mix- 
tures of  these  phases  must  lie  below  the 
curve  for  the  lowest-melting  end  member. 
Diopside  melts  at  a  lower  temperature  than 
enstatite  or  pyrope  throughout  most  of  the 
investigated  pressure  range.  It  melts  at  a 
lower  temperature  than  forsterite  at  atmos- 
pheric pressure  and  most  likely  also  melts 
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below  forsterite  at  high  pressure.  Hence, 
the  diopside  curve  is  a  useful  upper  limit 
for  the  beginning  of  melting  in  the  mantle. 
It  is  probable,  however,  that  diopside  will 
react  to  denser  phases  at  pressures  higher 
than  the  current  experimental  range,  and 
for  this  reason  extrapolation  of  the  curve  is 
uncertain. 

The  melting  curves  of  enstatite,  diopside, 
and  albite  are  described  individually.  The 


Melting  of  Enstatite 

A  preliminary  determination  of  the  ef- 
fects of  pressure  up  to  30  kb  on  the  melting 
and  polymorphism  of  enstatite  is  shown  in 
figure  5.  These  results  are  of  particular  in- 
terest because  they  indicate  that  the  in- 
congruent  melting  of  enstatite  that  has 
been  found  at  atmospheric  pressure  is 
eliminated  by  application  of  pressures  at 
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D 
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Fig.  5.  Preliminary  determination  of  the  melting  and  polymorphism  of  MgSi03  to  30  kb.  Open 
squares  indicate  unmelted  orthoenstatite;  shaded  squares  are  quench-products  and/or  glass;  squares 
with  crosses  are  clinoenstatite  that  has  inverted  from  protoenstatite  in  the  quench. 


determination  of  these  curves  has  proved 
to  be  a  complex  technical  problem,  and 
the  procedures  followed  are  discussed. 

Improvements  in  technique  and  a  better 
understanding  of  the  behavior  of  solid 
pressure  media  at  high  temperature  have 
made  it  necessary  to  revise  our  preliminary 
curve  for  diopside  (Boyd  and  England, 
Year  Book  57,  pp.  173-174).  Extended  and 
revised  data  for  this  curve  are  included 
along  with  new  determinations  for  albite 
and  enstatite. 


least  as  low  as  15  kb  and  probably  as  low  as 
6  kb.  Also,  protoenstatite,  the  high-tem- 
perature form  of  MgSi03  found  at  low 
pressure  in  the  laboratory,  is  replaced  at 
high  pressure  by  orthoenstatite,  the  form 
universally  found  in  rocks.  At  pressures 
present  in  the  upper  mantle,  and  probably 
in  the  lower  parts  of  the  continental  crust, 
orthoenstatite  is  stable  up  to  the  liquidus 
and  melts  congruently. 

The  incongruent  melting  of  enstatite  at 
atmospheric  pressure   was  first  described 
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by   Bowen  and  Andersen    (1914).    They  ite  in  these  partly  melted  runs  at  15  kb 

found  that  at  1557°  ±  2°C  MgSiOs  dissoci-  and  above  seems  clear  evidence  that  ortho- 

ates  to  a  mixture  of  5.5  per  cent  forsterite  enstatite  melts  congruently  in  this  range, 

plus  94.5  per  cent  liquid  whose  composi-  Forsterite  has  been  detected  in  two  runs 

tion  is  richer  in  Si02  than  MgSiOs.  The  in  the  pressure  range  6  to  12  kb.  A  run  at 

forsterite    forms    rounded    grains    about  1625  °C  and  6  kb  was  found  by  microscopic 

0.05  mm  in  diameter  with  a  birefringence  examination  to  consist  of  glass  and  devitri- 

and  index  of  refraction  markedly  higher  fixation  products.  The  devitrified  glass  has 

than  those  of  the  enclosing  glass  or  enstatite  an  index  of  refraction  only  slightly  above 

quench-crystals.    In  runs  made  5°   or  so  that  of  clear  enstatite  glass,  but  it  shows 

above  the  incongruent  melting  point,  the  pronounced  birefringence.    An  X  ray  of 

amount  of  forsterite  is  sufficient  to  show  this  run  gave  a  forsterite  pattern,  and  the 

clearly  on  an  X-ray  diffractometer  pattern.  run   evidently   consists   of  submicroscopic 

If  this  mixture  of  forsterite  and  glass  is  forsterite  intimately  mixed  with  glass.   A 

held  at  successively  higher  temperatures,  run  at  1650 °C  and  11.7  kb  is  microscopi- 

the  forsterite  is  progressively  dissolved  and  cally  similar  to  the  run  at  6  kb,  but  its 

the  liquidus  is  found  at  1577°  ±  2°C.  X-ray  pattern  shows  clinoenstatite  mixed 

The  incongruent  melting  interval  is  thus  with  minor  forsterite.  The  clinoenstatite  in 

only  20°.  In  principle  it  would  be  possible  this  run  formed  metastably  in  the  quench, 

to  overlook  such  an  interval  in  high-pres-  and  it  is  very  probable  that  the  forsterite 

sure  runs  with  a  precision  of  ±10°,  spaced  in  both  these  runs  also  crystallized  in  the 

at  25°  intervals.  In  practice  this  is  unlikely,  quench. 

As  is  discussed  below  in  the  section  on  The  occurrence  of  forsterite  in  these  runs 
method  of  determination  of  melting  curves,  does  not  seem  to  be  related  to  incongruent 
the  temperature  gradient  across  a  single-  melting,  and  other  melted  or  partly  melted 
stage  run  is  15°  to  20°.  Thus  each  run  runs  in  the  same  pressure  range  show  no 
spans  a  range  of  temperature  rather  than  forsterite.  It  is  notable  and  possibly  sig- 
a  point.  It  is  usual  to  find  runs  that  are  nificant  that  these  runs  with  quench- 
partially  melted  adjacent  to  the  melting  forsterite  are  at  relatively  low  pressures, 
curve.  If  the  enstatite  were  melting  in-  All  quench-crystals  that  form  above  15  kb 
congruently  such  runs  would  consist  of  a  are  enstatite.  Further  data  are  needed  to 
mixture  of  unmelted  enstatite,  primary  clarify  this  aspect  of  the  problem,  but  in- 
forsterite,  and  glass  or  quench-crystals.  formation  thus  far  obtained  suggests  that 
Nevertheless,  they  are  found  to  contain  enstatite  melts  congruently  in  the  range 
only  unmelted  grains  of  enstatite  and  6  to  12  kb  as  well  as  above  12  kb. 
quench-crystals  or  glass.  If  the    pressure  at   which   incongruent 

None  of  the  runs  shown  in  figure  5  at  melting  disappears  in  enstatite  could  be 

or  above  15  kb  contains  forsterite.    Runs  located  accurately  it   would  be  a   useful 

indicated    as    melted    consist    entirely    of  barometric  point  for  plutonic  rocks  that 

enstatite  quench-crystals.  These  give  X-ray  have   crystallized    in   the   crust.    A   limit 

patterns    that    generally    show    only    the  could  be  placed  on  the  depth  of  crystalliza- 

principal    reflections    of    enstatite.     Most  tion  of  intrusions  such  as  the  Stillwater,  in 

likely,  but  not  certainly,  they  are  ortho-  which  olivine  and  hypersthene  show  a  re- 

enstatite.  Runs  immediately  adjacent  to  the  action  relation.  Unfortunately,  single-stage 

melting  curve  in  the  crystalline  field  con-  apparatus  is  not  well  adapted  for  work 

sist  of  primary  orthoenstatite  mixed  with  below  10  kb,  and  the  required  temperatures 

quench-crystals.  The  primary  orthoenstatite  are  rather  high  for  conventional  gas  ap- 

forms  stubby  prisms,  commonly  0.1  mm  paratus. 

or  more  in  length.  The  absence  of  forster-  The   data   in    figure   5  also   provide   a 
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bracket  for  the  inversion  of  protoenstatite 
to  orthoenstatite.  Orthoenstatite  formed 
from  clinoenstatite  starting  material  at 
1525 °C  and  8.0  kb.  At  this  same  tempera- 
ture and  a  pressure  of  6.6  kb  orthoenstatite 
reacted  to  protoenstatite,  which  in  turn  in- 
verted to  clinoenstatite  in  the  quench.  The 
protoenstatite-orthoenstatite  reaction  has 
been   located   at  atmospheric   pressure   at 


hence,  these  two  pyroxenes  preserve  their 
relative  melting  points  at  high  pressure. 

Melting  of  Diopside 

Figure  6  shows  the  melting  curve  of 
diopside  for  pressures  up  to  50  kb.  The 
curve  is  simpler  than  those  of  other  silicates 
thus  far  examined  over  this  range,  since 
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Fig.  6.    Melting  of  diopside,  CaMgSi2Oe,  to  50  kb. 


approximately  1050  °C  (Boyd  and  Schairer, 
unpublished  data).  The  inversion  is  very 
sensitive  to  pressure,  and  orthoenstatite 
becomes  stable  at  the  liquidus  at  a  pressure 
of  about  8  kb.  These  phase  relations  are 
consistent  with  the  presence  of  ortho- 
enstatite in  high-temperature  and  high- 
pressure  rocks  such  as  kimberlites. 

The  enstatite  melting  curve  is  linear  and 
has  a  slope  of  9.5°/kb.  This  slope  is  in  the 
range  established  by  other  silicates.  It  is 
somewhat    steeper    than    diopside,    and, 


diopside  melts  congruently  and  does  not 
undergo  quenchable,  subsolidus  transitions. 
Diopside  liquid  is  easily  quenched  to  a 
glass  at  atmospheric  pressure.  It  can  also  be 
quenched  to  a  glass  in  single-stage  ap- 
paratus up  to  about  12  kb.  At  higher  pres- 
sures along  the  melting  curve  the  liquid 
becomes  more  fluid,  and  sheaves  of  coarse, 
fibrous  crystals  form  in  the  quench.  They 
can  readily  be  distinguished  from  crystals 
that  form  below  the  curve  during  a  run,  as 
is  described  below. 
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These  data  extend  and  revise  our  pre- 
liminary curve  for  diopside  (Boyd  and 
England,  Year  Book  57,  pp.  173-174).  Pres- 
ent results  indicate  a  flatter  slope  at  high 
pressures.  The  discrepancy  is  in  part  due 
to  a  lack  of  knowledge  of  the  sign  of 
the  friction  correction  on  short  runs,  at  the 
time  of  our  preliminary  determination. 

These  measurements  project  reasonably 
well  into  the  data  obtained  by  Yoder 
(1952)  in  the  pressure  range  out  to  5  kb. 
Together  with  Yoder's  data,  they  reveal  a 
pronounced  curvature.  Yoder  found  an 
average  slope  out  to  5  kb  of  13°/kb.  The 
slope  at  40  to  50  kb,  however,  is  only  6°/kb. 

A  Simon  equation  can  be  fitted  to  the 
single-stage  determination.  This  type  of 
equation  has  been  found  to  fit  experi- 
mentally determined  melting  curves  for  a 
variety  of  substances  including  metals 
(Strong  and  Bundy,  1959)  and  alkali 
halides  (Clark,  1959).  The  general  equa- 
tion is 

P  =  A[(T/To)c-l] 

This  equation  has  been  fitted  to  the  diop- 
side melting  curve  with  the  constants 
A  =  31.5  (kilobars),  c  =  4.4,  and  To 
=  1392°C  (1665°K).  As  can  be  seen 
in  figure  6,  this  curve  fits  the  single-stage 
data  well.  However,  the  slope  at  To  is 
12°/kb  rather  than  13°  as  found  by  Yoder. 
The  greatest  discrepancy  with  Yoder's  ex- 
perimental curve  is  9°  at  5  kb.  This  is 
outside  his  limit  of  error.  It  is  possible 
to  adjust  the  constants  in  the  Simon  equa- 
tion so  that  a  good  fit  is  obtained  for 
Yoder's  measurements  as  well  as  the  single- 
stage  data  out  to  40  kb.  If  this  is  done, 
however,  the  points  at  45  to  50  kb  are 
poorly  fitted.  The  discrepancy  could  be 
explained  by  an  error  of  10°  to  15°  in 
evaluating  the  temperature  gradient  in 
single-stage  runs  and,  hence,  cannot  be  re- 
garded as  significant. 

The  diopside  curve  is  the  best  approxi- 
mation currently  available  for  a  curve  de- 
lineating the  beginning  of  melting  in  the 
mantle.  The  principal  minerals  that  are 
expected  to  be  present  in  the  upper  mantle 


are  a  diopsidic  pyroxene,  orthopyroxene, 
forsterite,  and  pyrope.  The  beginning  of 
melting  of  a  mixture  of  these  minerals 
must  lie  at  a  lower  temperature  at  any  pres- 
sure than  the  melting  point  of  the  lowest- 
melting  end  member.  Pyrope  melts  at  a 
lower  temperature  than  diopside  in  the 
pressure  range  20  to  30  kb,  but  the  pyrope 
curve  is  steeper  than  the  diopside  curve  and 
the  order  of  melting  is  reversed  above 
30  kb.  Comparison  of  the  diopside  curve 
with  data  on  enstatite  (fig.  5)  shows  that 
diopside  melts  well  below  enstatite.  High- 
pressure  data  are  not  yet  available  for  the 
melting  of  forsterite,  but  the  melting  point 
of  forsterite  at  atmospheric  pressure  is 
500°  above  that  of  diopside,  and  it  is  most 
unlikely  that  their  melting  curves  will 
cross. 

Extrapolation  of  the  diopside  curve  to  a 
pressure  of  1400  kb,  the  pressure  at  the 
core-mantle  boundary,  indicates  a  tempera- 
ture of  about  3700  °C.  This  can  be  com- 
pared with  a  value  of  2340  °C  required  to 
melt  iron  at  that  pressure  (Strong,  1959). 
The  difference  between  these  values  is  of 
the  right  sign  to  be  consistent  with  the 
fact  that  the  lower  mantle  is  crystalline 
whereas  the  outer  core  is  liquid.  It  is  doubt- 
ful, however,  that  the  difference  is  quanti- 
tatively significant.  Such  extrapolation  is 
subject  to  wide  and  uncertain  limits  of 
error.  Fifty  kilobars  is  a  small  fraction  of 
1400  kb,  and  very  probably  diopsidic  pyrox- 
ene and  other  mantle  minerals  will  react 
to  form  denser  phases  at  pressures  greater 
than  the  current  experimental  range. 

Melting  of  Albite 

Figure  7  shows  the  melting  curve  of 
albite  to  a  pressure  of  30  kb.  This  curve 
is  interrupted  by  the  reaction  albite  ^ 
jadeite  +  quartz  at  a  pressure  slightly 
greater  than  30  kb.  Data  on  the  melt- 
ing of  jadeite  +  quartz  indicate  that 
the  phase  relations  are  rather  complex.  To 
work  them  out  in  detail  will  require  a 
study  with  a  series  of  compositions  along 
the  join  NaAlSi.Oe-SiO,. 
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Albite  can  be  crystallized  in  a  few  min- 
utes from  glass  or  liquid  above  10  kb,  in 
contrast  to  its  sluggish  melting  at  atmos- 
pheric pressure.  This  is  in  part  explainable 
in  terms  of  the  increase  in  melting  tem- 
perature induced  by  pressure.  Neverthe- 
less, at  constant  temperatures  albite  crystal- 
lizes very  much  faster  at  high  pressure  than 
at  1  atmosphere.  Albite  glass  can  be  crystal- 
lized completely  at  1100°C  in  8  hours  at 
25  kb;  a  year  would  be  insufficient  to 
crystallize  it  completely  at  this  temperature 
at  atmospheric  pressure.  Pressure  is  often 


The  albite  melting  curve  shows  a  slight 
curvature,  in  common  with  diopside  and 
many  other  substances.  The  curvature  is 
due  to  the  fact  that  the  liquid  is  more 
compressible  than  the  solid,  so  that  the 
AV  of  melting  decreases  with  increasing 
pressure.  Verhoogen  (1954)  has  pointed 
out  that  the  AS  of  melting  is  not  likely 
to  be  so  much  affected  by  pressure.  The 
slope  of  the  albite  melting  curve  in  the 
range  10  to  30  kb  is  about  9°/kb;  the 
initial  slope  is  not  well  fixed  but  is  of  the 
order  of  14°/kb. 
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thought  to  decrease  the  rate  of  a  reaction, 
but  this  is  evidently  not  always  so. 

Unlike  the  higher-melting  silicates,  liq- 
uid albite  can  be  quenched  to  a  glass  and 
the  melting  curve  can  be  approached  from 
either  the  liquid  or  the  crystalline  fields. 
Runs  in  the  range  15  to  30  kb  were  made 
by  approaching  the  curve  from  the  liquid 
field  and  holding  20  to  60  minutes  at  the 
indicated  temperatures  and  pressures.  Hy- 
drothermally  crystallized  albite  was  used 
as  starting  material  for  the  runs  at  10  kb; 
these  were  brought  to  temperature  at  pres- 
sure and  held  2  hours.  These  procedures 
are  discussed  in  the  section  on  the  method 
of  determination  of  melting  curves. 


The  albite  melting  curve  determined  by 
Birch  and  LeComte  (1960)  with  gas  ap- 
paratus in  the  range  10  to  25  kb  is  shown 
as  a  dashed  line  in  figure  7.  The  agreement 
is  excellent  and  well  within  limits  of  error 
where  the  data  overlap. 

These  data  on  albite  and  incomplete 
data  on  anorthite  obtained  by  the  authors 
suggest  that  the  familiar  plagioclase  melt- 
ing loop  will  not  be  much  changed  by 
pressures  up  to  10  kb.  In  this  range  the 
slope  of  the  anorthite  melting  curve  is 
positive  so  that  the  plagioclase  loop  should 
be  shifted  to  higher  temperatures,  but 
without  much  distortion.  Above  about 
10  kb,  however,  anorthite  develops  incon- 
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gruent  melting    (to  corundum  +  liquid)  liquid  field.  Thus,  in  determining  a  melt- 

and  the  slope  of  the  melting  curve  becomes  ing  curve  of  this  type,  runs  must  always  be 

negative.  At  about  25  kb  albite  and  anor-  brought    to    temperature    and    pressure 

thite  melt,  or  begin  to  melt,  at  the  same  through  the  crystalline  field, 
temperature,   1400  °C.    The  system  is  no         The  textural  differences  used  for  recog- 

longer  binary,  and  the  change  in  the  fa-  nition  of  melting  in  diopside  and  enstatite 

miliar  plagioclase  loop  will  be  rather  dras-  runs  are  not  perfectly  sharp.  Up  to  20  per 

tic.    Above  30  kb  anorthite  breaks  down  cent  of  crystals  that  look  as  if  they  had 

to  grossularite  +  kyanite  +  quartz  and  al-  formed  from  liquid  are  commonly  found 

bite    breaks    down    to    jadeite  +  quartz,  in  the  crystalline  field.  They  are  found  at 

Hence,  30  kb  should  be  about  the  maxi-  temperatures  too  far  below  the  melting 

mum  pressure  at  which  plagioclase  feld-  region    to   be    explained    by    the   known 

spars  can  form.  thermal  gradient  or  by  oscillations  in  tem- 
perature during  a  run.  Trace  amounts  of 

Method  of  Determination  of  Melting  adsorbed  H2O  are  probably  responsible  for 

Curves  this  partial  melting  below  the  curve.  Small 

.   .  amounts  of  talc  have  been  detected  on  the 

The  quenching  method  of  determining  x_ray         ^  o£  a  number  of  enstatite 

melting  curves  was  used  in  all  the  studies  runs>  Tak  is  a  yery  sensitive  indicator  of 

described  above,  because  of  complexities  the  presence  of  H2q  since  it  contains  only 

in  phase  relations  present  in  most  silicate  5  per  cent  ^q     rhm  Qm  tQ  m  per 

systems.   Only  the  diopside  melting  curve  cent  H2q  in  a  run  as  a  whole  wffl  produce 

is  uncomplicated  by  incongruent  melting  a  detectable  amount  of  talc>  Starting  ma_ 

or  intersection  by  subsohdus  transitions.  terials  £or  most  o£  these  mns  were  stQred 

The  detection  of  melting  in  quenching  in  a  muffle  £urnace  at  40()o  tQ  5^0^  bu(. 

runs  is  easy  with  feldspars  whose  liquids  this  treatment  was  evidently  insufficient  to 

can  be  quenched  to  a  glass.  Recognition  of  remove  the  ]ast  trace  o£  H2q     For  this 

melting  in  diopside  and  enstatite  runs  de-  reason  the  disappearance  of  crystals  that 

pends   on   a   textural    difference   between  £ormed  £rom  glass  was  used  as  the  criterion 

crystals  that  have  formed  from  glass  below  o£  meki      £or  enstadte  and  di      ide  mns< 

the  melting  curve   and   those  that  have         ^u      .  1         j.        •  1 

r  ,  r    °  i-     •  1  •      1  1     TTTi  The  thermal  gradient  in  a  single-stage 

formed  from  liquid  in  the  quench.  When  r  1t    £  P  ,  r      1  ° 

*  if  11  1  furnace  cell  or  the  type  used  tor  determin- 

glass  crystallizes  to  pyroxene  below  a  melt-  .  ,  .  •      1  r  o 

•  •    t_  r    1  ing  melting  curves  is  shown  in  figure  0. 

ing  curve,  it  becomes  a  mosaic  or  clear,  ,—P    ,  &.  ,  .c    .     .r   °  ,    . 

0  11  .1.  .1  .  1     nnc   .  The  hot  spot  does  not  shift  significantly  in 

roughly  equidimensional  crystals   0.05  to  .  ™^o      -.^aao^       t  1  1. 

nm  -a-        .       \\7U  the  range  1200    to  1700  C,  and  the  gradient 

0.10  mm  in  diameter.   When  a  pyroxene  .  6  '  ,  &        . 

liquid    crystallizes,    however,    rosettes    of  »  remarkably  constant.    Tests^  have  also 

fibrous  crystals  similar  to  spherulites  are  shotwn  that  lC  does1  n^  vaiT  significantly 

produced.  Individual  crystals  may  be  1  to  Wlth  pressure.  For  high-temperature  work 

2  mm  in  length.  In  transmitted  light  they  the  samPle  1S  in  the  form  of  a  cylinder 

appear  brownish,   apparently   because  of  0.050  inch  long  and  0.050  inch  in  diameter, 

inclusions  of  glass,  and  under  crossed  nicols  The  gradient  along  the  sample  is  15°  to 

they  have  markedly  undulate  extinction.  20°.   If  the  thermocouple  is  placed  at  the 

Unfortunately,  it  is  impossible  to  consist-  hot  spot,  there  is  a  difference  in  tempera- 

ently  tell  the  difference  between  pyroxene  ture  of  about  25°  between  the  couple  and 

quench-crystals    and    crystals    that    have  the  distant  cooler  end  of  the  sample.  Since 

formed  from  liquid  but  then  have  been  the  disappearance  of  primary  crystals  was 

held  for  a  period  of  time  below  the  curve,  taken  as  the  criterion  of  melting  for  en- 

This  means  that  if  a  charge  melts  at  any  statite  and  diopside,  these  runs  were  given 

time  during  a  run  it  is  counted  as  in  the  a  temperature  correction  of  —25°. 
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Platinum  has  proved  unsatisfactory  as  a 
capsule  material  for  melting-curve  studies 
above  1500 °C.  Silicate  liquids  disintegrate 
a  platinum  capsule  at  these  temperatures. 
In  runs  longer  than  a  few  minutes  the 
capsules  appear  to  have  melted  and  usually 
emerge  as  a  slug  welded  to  the  end  of  the 
thermocouple.    In  such  circumstances  the 


then  tried  as  a  capsule  material  and  was 
found  to  be  completely  satisfactory.  Silicate 
liquids  can  be  held  for  at  least  several 
hours  in  a  graphite  capsule  at  1500°  to 
1700  °C.  There  is  no  direct  evidence  of  re- 
action between  the  graphite  and  silicate 
up  to  at  least  1850  °C.  If  a  graphite  capsule 
is  used  it  is  separated  from  the  Pt/Pt-10  Rh 
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Fig.  8.    Furnace  assembly  used  in  single-stage  apparatus  with  gradients  for  three  different  tem- 
peratures. 


melted  charge  reacts  with  the  ceramic  in- 
sulation around  the  capsule.  No  difficulty 
has  been  reported  in  using  platinum  at 
atmospheric  pressure  for  similar  studies, 
and  accordingly  it  was  first  thought  that 
the  trouble  was  due  to  contamination  of 
the  platinum  capsule  by  carbon  from  the 
furnace  sleeve.  Nevertheless,  no  difficulty 
is  encountered  if  the  silicate  charge  is  not 
melted,  and  various  shielding  arrange- 
ments between  the  capsule  and  furnace 
sleeve   proved   ineffective.    Graphite   was 


thermocouple  by  a  disk  of  ceramic  0.020 
inch  thick.  The  melting  curves  of  diopside 
and  enstatite  were  determined  with  heavy- 
walled  graphite  capsules  of  the  sort  shown 
in  figure  8.  Platinum  was  used  as  a  capsule 
material  for  the  albite  curve  and  caused  no 
difficulty  at  these  low  temperatures. 

The  observed  melting  point  of  a  silicate 
in  single-stage  runs  varies  with  time  and 
with  the  procedure  followed  in  bringing 
a  run  to  temperature  and  pressure.  Figure 
9  shows  the  variation  with  time  in  a  series 
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of  albite  runs  brought  to  temperature 
through  the  crystalline  field  at  a  constant 
load  pressure  of  25.1  kb.  The  time  required 
to  bring  a  run  up  to  temperature  is  about  3 
minutes  for  all  runs.  For  runs  in  the  range 
5  to  20  minutes  albite  melts  at  1425  °C. 
For  longer  runs  the  observed  melting  point 
decreases  to  1375  °C  and  remains  constant 
at  this  value  in  the  range  50  to  100  minutes. 
Figure  10  shows  the  results  of  a  series 
of  runs  on  albite  in  which  the  melting 


range  than  can  be  explained  by  the  known 
thermal  gradient.  Hence,  the  initial  in- 
crease in  the  observed  melting  temperature 
shown  in  figure  10  is  attributable  to  the 
sluggish  rate  of  crystallization  of  albite 
liquid.  Had  we  been  able  to  use  the  first 
appearance  of  crystals  with  decreasing 
temperature  as  a  criterion  of  crystallization 
of  albite  liquid,  the  initial  curvature  in 
figure  10  would  probably  have  disappeared. 
This    was    not    practicable,    because    the 
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Fig.  9.    Variation  of  the  observed  melting  point  of  albite  with  time  in  runs  brought  to  tempera- 
ture at  a  load  pressure  of  25.1  kb.   Shaded  points  are  melted. 


point  at  a  load  pressure  of  25.1  kb  was  ap- 
proached from  the  liquid  field.  There  is  an 
initial  sharp  increase  in  the  observed  melt- 
ing point,  but  from  20  to  100  minutes  it  is 
fixed  at  1365  °C,  in  essential  agreement 
with  the  longer  runs  shown  in  figure  9. 

These  results  are  interpretable  as  a 
combination  of  two  effects.  In  albite  runs 
the  appearance  of  some  glass  was  taken  to 
mean  that  the  run  was  in  the  liquid  field, 
whichever  the  approach  to  temperature 
and  pressure.  In  the  10-minute  runs  shown 
in  figure  10  mixtures  of  crystals  and  glass 
were  obtained  over  a  greater  temperature 


welded  platinum  capsules  used  in  albite 
runs  vary  in  length  from  run  to  run.  The 
temperature  of  the  hot  end  of  the  charge 
adjacent  to  the  thermocouple  is  much 
better  known  than  the  temperature  of  the 
cold  end  at  a  variable  distance  from  the 
couple. 

Partial  melting  of  albite  crystals  is  rapid 
in  this  P-T  range,  nevertheless,  and  reac- 
tion rate  is  not  believed  to  be  a  factor  in 
the  decrease  in  the  observed  melting  point 
shown  in  figure  9.  The  cause  is  evidently 
mechanical.  As  a  single-stage  furnace  cell 
is  heated  to  high  temperature  at  constant 
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load  pressure,  thermal  expansion  builds  up 
a  pressure  within  the  cell  that  is  higher 
than  the  load  pressure  on  the  piston.  This 
excess  pressure  decays  with  time  through 
plastic  flow  in  the  pressure  medium.  Even- 
tually a  balance  is  reached  with  the  load  on 
the  piston  that  is  independent  of  time  and 
of  procedure  in  coming  to  temperature  and 
pressure. 


the  load  pressure.  If  the  balance  were  one 
in  which  the  load  and  sample  pressures 
were  equal  it  would  imply  that  there  is 
virtually  no  friction  as  the  load  pressure 
is  increased  and  an  improbably  large  fric- 
tion of  about  25  per  cent  as  the  load  pres- 
sure is  decreased. 

Time  studies  on  pyrope   (fig.  11)   and 
cliopside  (fig.  12)  show  an  effect  similar  to 
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Fig.  10.  Variation  of  the  observed  melting  point  of  albite  with  time  in  runs  brought  to  tem- 
perature and  pressure  through  the  liquid  field.  Dashed  line  is  the  curve  shown  in  figure  9.  Shaded 
points  are  melted. 


Since  the  slope  of  the  albite  melting 
curve  at  a  load  pressure  of  25  kb  is  9°/kb, 
a  temperature  hysteresis  of  55°  ±  10  °C 
is  equivalent  to  a  pressure  hysteresis  of 
6  ±  1  kb,  or  24  ±  4  per  cent  of  the  load 
pressure.  The  value  of  24  ±  4  per  cent 
is  a  total  friction.  It  compares  reasonably 
with  the  half  friction  of  13  per  cent  meas- 
ured with  increasing  pressure  at  the  bis- 
muth and  thallium  points  at  room  tempera- 
ture (Boyd  and  England,  1960). 

It  is  probable  that  the  balance  between 
the  load  pressure  on  the  piston  and  the 
pressure  on  the  sample  that  is  reached  on 
long  runs  is  a  condition  in  which  the  pres- 
sure on  the  sample  is  somewhat  less  than 


that  found  with  albite,  but  with  an  addi- 
tional complication.  The  observed  melting 
point  of  pyrope  at  a  load  pressure  of  32  kb 
is  1690° C  in  the  range  5  to  20  minutes,  but 
drops  to  a  constant  value  of  1655  °C  for 
runs  ranging  from  40  to  100  minutes.  This 
drop  can  be  interpreted  as  indicating  a 
total  friction  of  11  ±3  per  cent.  This  is 
considerably  less  than  the  value  obtained 
with  albite  and  may  indicate  a  real  decrease 
in  friction  at  these  higher  temperatures, 
where  the  fluidity  of  the  pressure  medium 
is  much  increased. 

The  observed  melting  point  of  diopside, 
nevertheless,  seems  to  decrease  continu- 
ously with  time  for  run  lengths  up  to  100 
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Fig.  11.    Variation  of  the  observed  melting  point  of  pyrope  with  time  in  runs  brought  to  tem- 
perature at  a  load  pressure  of  32.3  kb.   Shaded  points  are  melted. 


minutes  (fig.  12).  These  results  can  be  in- 
terpreted only  in  terms  of  contamination 
of  the  sample  or  the  thermocouple.  Since 
pyrope  runs  are  less  affected  than  diopside 
runs  in  the  same  temperature  range,  the 
probability  is  that  the  sample  is  being  con- 
taminated rather  than  the  thermocouple. 
The  erratic  runs  in  the  pyrope  time  study 
(fig.  11)  may  indicate  that  the  contamina- 


tion is  sporadic.  It  is  probable  that  the  con- 
tamination is  due  to  a  gas  generated  by 
reaction  between  different  materials  in  the 
furnace  cell,  since  there  is  no  direct  evi- 
dence of  reaction  of  the  sample  with  the 
graphite  capsule.  Efforts  to  track  down 
the  source  of  the  contaminating  material 
have  thus  far  been  unsuccessful.  Con- 
tamination evidently  becomes  a  difficulty 
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only  on  long  runs  at  high  temperatures, 
above  1500°C. 

It  is  accordingly  impracticable  to  make 
melting-curve  runs  in  the  temperature 
range  1500°  to  1800°C  that  are  long 
enough  to  allow  the  pressure  on  the  sample 
and  the  load  pressure  on  the  piston  to 
reach  a  balance.  Instead,  the  procedure  was 
to  make  the  diopside  and  enstatite  runs  5 
minutes  long  and  then  to  correct  the  re- 
sults for  the  increased  pressure  generated 
by  thermal  expansion  in  coming  to  tem- 
perature. 

The  value  of  half  friction  we  have  previ- 
ously used  for  high-temperature  runs  is 
8  ±  5  per  cent  (Boyd  and  England,  1960). 
This  value  is  based  on  room-temperature 


measurements  at  the  bismuth  and  thallium 
points.  Present  results  indicate  half  fric- 
tion values  of  12  per  cent  at  1300°  to 
1400 °C  and  25  kb  (albite)  and  6  per  cent 
at  1600°  to  1700°C  and  32  kb  (pyrope). 
Since  these  values  are  within  limits  of 
error  of  our  original  value,  and  since  fur- 
ther improvement  is  probable,  we  continue 
to  use  the  original  value  for  the  present. 
In  the  albite  diagram  the  load  pressures 
have  been  given  a  correction  of  —8  per 
cent.  Making  the  assumption  that  the  fric- 
tion at  high  temperature  is  symmetrical, 
the  load  pressures  for  the  diopside  and 
enstatite  melting  curves  have  been  cor- 
rected +  8  per  cent.  The  uncertainty  in 
the  corrected  values  should  be  within  ±10 
per  cent. 


THE  PLANE  ENSTATITE-ANORTHITE-DIOPSIDE  AND  ITS  RELATION 

TO  BASALTS 

Kai  Hytonen  and  /.  F.  Schairer 

The  substitution  of  alumina  in  a  wide  the  primary  phase  volumes  of  forsterite, 

variety   of  pyroxenes   is   well   established,  anorthite,  and  aluminous  diopsidic  pyrox- 

and  its  significance  in  mineralogy  has  long  enes  at  liquidus  temperatures.  During  the 

been    recognized.     Diagnostic    techniques  past  year  twenty-two  additional  composi- 

that  have  recently  become  available  have  tions    in    this    join    were    prepared    and 

now  made  possible  systematic  laboratory  studied.    Detailed   data   on   the   complex 

investigations  of  phase  relations  of  interest  phase  relations  at  temperatures  below  the 

in     connection     with     these     ubiquitous  Hquidus  can  now  be  presented, 
minerals  and  the  abundant  rocks  in  which         Optical  and  X-ray  methods  were  used  to 

they  occur.   Of  particular  interest  are  re-  identify  the  solid  phases  encountered  in 

lations  involving  enstatite    diopside,  and  thc    quenching    experiments    at    various 

anorthite,  which  have  now  been  examined  temperatures  between   1050°C    (the  tem- 
in  considerable  detail  at  atmospheric  pres-  ture  ^  whkh  ^  ositions  were 

sure.   A  rather  substantial  substitution  of  tallized)    and    H     idus    temperatures. 

alumina,  up  to  about  12  per  cent,  in  the  v>  r  'i  i  i  *•  «.  * 

F     ,  i  1-1     i  Because  or  the  complex  relations  at  tern- 

pyroxenes  has  been  established.  ,    i         .     V-      •  j        «     i    i      • 

J  peratures  below  the  hquidus,  the  behavior 

t<7      t  •     -r>         •       a        7-      -r^.       -t  of  all  compositions   in  this  join  may  be 

1  he     oin   Enstatite- Anorthite-Dwpside  c  n        j       i        *.u  «.u       -j     c  •        c 

'  r  followed  only  with  the  aid  or  a  series  or 

Hytonen  and  Schairer  have  been  study-  isothermal  projections.  These  sections  are 

ing  the  system  enstatite-anorthite-diopside,  given   here  as   figures   14   to  27  for  the 

which   bisects  the  tetrahedron  forsterite-  temperatures,  respectively:    1500°,   1400°, 

anorthite-diopside-silica.     Last    year    the  1380°,  1350°,  1305°,  1300°,  1280°,  1273°, 

equilibrium  diagram  for  this  system  with  1260°,    1235°,    1220°,    1190°,    1170°,    and 

isotherms  was  presented   (Year  Book  59,  1135°C.   This  sequence  of  isothermal  sec- 

p.  71,  fig.  19) ;  it  is  given  here  as  figure  13.  tions  depicts  in  general  the  crystallization 

The  join  enstatite-anorthite-diopside  cuts  behavior  of  all  compositions  in  the  join 
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down  to  the  temperature  of  complete  solidi- 
fication. All  the  solid  crystalline  phases 
within  the  join  except  anorthite  have 
compositions  that  do  not  lie  in  the  join. 
These  solid  phases  are  forsterite,  aluminous 
diopsidic  pyroxenes,  aluminous  MgSi03- 
rich  pyroxenes,  and  cristobalite.  As  a 
consequence,  unless  anorthite  is  the  only 
solid  phase  present  the  compositions  of 
the  liquid  phase  cannot  lie  in  the  join.  Thus 


appearance  or  disappearance  of  a  phase 
based  on  such  data.  For  example,  in  the 
isothermal  section  for  1135°C  (fig.  27)  the 
dashed  line  that  crosses  the  diagram  sepa- 
rating areas  where  cristobalite  was  present 
from  those  where  cristobalite  was  not  de- 
tected in  the  X-ray  powder  patterns  is  not 
significant  but  is  merely  an  expression  of 
experimental  ability  to  detect  this  phase  in 
a  mixture  of  solid  phases.  In  this  same  dia- 
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Fig.  13.    Equilibrium  diagram  for  the  join  enstatite-anorthite-diopside. 


we  see  that  these  isothermal  projections  are 
diagrammatic  and  show  the  nature  and 
number  of  phases  but  not  their  composi- 
tions, and  no  tie  lines  can  be  shown. 

The  isothermal  sections  in  figures  14  to 
27  were  drawn  on  the  basis  of  the  results 
of  quenching  experiments  and  identifica- 
tion of  the  phases  by  microscopic  or  X-ray 
data  or  both.  Since  X-ray  powder  data 
do  not  show  the  presence  of  a  solid  phase 
unless  an  appreciable  to  fair  amount  of  the 
phase  is  present,  there  is  always  some  un- 
certainty about  the  precise  temperature  of 


gram  for  a  similar  reason  the  top  apex  of 
the  triangle  anorthite  +  diopside  solid 
solution  +  MgSiOs-rich  pyroxene  should 
be  at  anorthite  composition  itself  and  not 
as  shown  within  the  section. 

Aluminous  Pyroxenes  in   the  Join 
Enstatite-A  n  orth  ite-Diopside 

The  following  three  types  of  data  that 
have  been  obtained  are  interpreted  to  mean 
that  the  aluminum  ion  enters  the  structure 
of  both  diopsidic  and  MgSi03-rich  pyrox- 
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Fig.  24.    Isothermal  section  for  1220°C. 
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enes    in    the    system    enstatite-anorthite- 
diopside  : 

1.  The  appearance  of  free  silica  (revealed 
by  the  X-ray  powder  patterns,  present  as 
cristobalite  7)  in  the  compositions  rich  in 
either  diopsidic  or  MgSiOs-rich  pyroxenes 
or  both  at  and  below  the  solidus  tempera- 
tures (figs.  25-27)  may  be  explained  by 
assuming  that  the  pyroxene  contains  the 
hypothetical  Tschermak's  molecule  CaO* 
Al203'Si02  or  MgO-Al203-Si02  in  solid 


If  aluminous  pyroxenes  are  present  in  the 
system  enstatite-anorthite-diopside,  the 
composition  of  the  liquid  cannot  lie  in 
the  join  and  a  silica  phase  may  crystallize 
on  or  before  completion  of  crystallization. 
The  following  equation  may  illustrate 
these  relations: 

CaOAl2CV2Si02-* 

anorthite 

CaOAl2(VSi02  +  Si02 

Tschermak's  molecule 
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Fig.  26.    Isothermal  section  for  1170°C. 


solution.  The  assumption  is  made  that  the 
aluminous  pyroxene  contains  the  alumina 
in  both  octahedral  and  tetrahedral  position: 
Ca  Mg    Si    Si  06     (diopside) 


Ca    Al    Al   Si  O, 


Mg  Mg   Si  Si  Og 
Mg   Al   Al  Si  Oe 


(Ca-Tschermak's 
molecule) 

(enstatite) 

(Mg-Tschermak's 
molecule) 


7  Cristobalite  is  metastable,  and  tridymite 
should  be  the  stable  form  of  Si02  at  the  tempera- 
tures of  the  experiments. 


2.  Variation  of  the  unit  cell  dimensions 
as  revealed  by  comparisons  of  X-ray 
powder  patterns  of  the  diopsidic  pyroxenes 
in  the  system  enstatite-anorthite-diopside 
with  those  of  the  more  general  system 
enstatite-alumina-wollastonite  shows  defi- 
nitely that  the  diopsides  are  not  binary 
CaO  •  MgO  •  2Si02-MgO  •  Si02  pyroxenes, 
but  contain  in  addition  various  amounts 
of  A1203  (or  CaO-Al203-Si02?  Ca- 
Tschermak's  molecule;  or  MgO'Al203* 
Si02,  Mg-Tschermak's  molecule)  in  solid 
solution,   depending   on   the   temperature 
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90       DIOPSIDE 
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Fig.  27.    Isothermal  section  for  1135°C. 


and  the  composition  of  the  mixture.  The 
X-ray  powder  results  are  presented  in  detail 
below. 

Because  of  the  complex  relations  between 
the  polymorphic  modifications  of  the 
MgO  •  Si02  pyroxenes,  it  has  not  been  pos- 
sible to  develop  an  X-ray  method  for  the 
determination  of  the  composition  of  clino- 
enstatite,  protoenstatite,  and  orthoenstatite 
solid  solutions  present  in  the  system  ensta- 
tite-anorthite-diopside.  Variable  amounts 
of  these  may  be  present  in  the  quenching 
runs,  depending  on  the  particular  composi- 
tion of  the  mixture,  the  temperature,  and 
the  rate  of  cooling. 

3.  Anorthite  in  some  mixtures  joins 
either  diopside  or  MgSiOs-rich  pyroxene 
at  a  temperature  different  from  that  that 
would  be  expected  if  pure  diopside  or  pure 
MgSiOs  pyroxene  was  crystallizing  as  the 
temperature  decreased.  The  succession  of 
the  appearance  of  anorthite  at  various 
compositions  along  the  join  enstatite- 
anorthite  and  the  join  diopside-anorthite 


can  be  observed  by  comparing  the  iso- 
thermal sections  1273°,  1260°,  and  1235  °C 
(figs.  21-23)  with  one  another.  All  three 
types  of  observations  support  the  fact  that 
the  pyroxenes  in  the  join  enstatite-anor- 
thite-diopside  are  aluminous. 

Aluminous   Diopsidic  Pyroxenes   in    the 
Join  En  statite-A  n  orth  ite-Diopside 

To  obtain  precise  information  on 
aluminous  diopside  solid  solutions  experi- 
ments were  performed  within  the  trian- 
gular join  enstatite-alumina-wollastonite 
(MgO-Si02-Al203-CaO-Si02)  shown  in 
figure  28.  Black  dots  represent  the  compo- 
sitions prepared  and  studied  by  the  method 
of  quenching.  The  compositions  were 
chosen  along  three  joins,  namely  diopside- 
Mg-Tschermak's  molecule  (MgOAUCV 
Si02),  diopside-alumina,  and  diopside- 
Ca-Tschermak's  molecule  (CaO'AlaOs* 
Si02).  Along  the  10  per  cent  AI2O3  line 
three   additional   compositions   were   pre- 
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pared  and  studied,  Optical  and  X-ray 
methods  were  used  to  identify  the  solid 
phases  encountered  at  various  temperatures 
between  1050  °C  and  liquidus  temperatures. 
The  figure  shows  the  traces  of  boundary 
surfaces  between  the  primary  phase  vol- 
umes of  the  several  solid  phases  that  appear 
on  the  liquidus  surfaces.  Continuous  heavy 
lines  in  the  diagram  indicate  where  the 


tween  these  two  compositions  have  been 
worked  out  by  Chinner  and  Schairer 
(1961).  An  examination  of  the  figure 
shows  that  the  particular  area  of  the  system 
covered  by  the  compositions  studied  cuts 
the  primary  phase  volumes  of  forsterite, 
spinel,  anorthite,  and  diopsidic  pyroxene 
at  liquidus  temperatures.  In  this  system 
diopsidic  pyroxene  and  spinel  are  incom- 
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80  90  WOLLASTONITE 
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Fig.  28.    The  join  enstatite-alumina-wollastonitc  in  the  quaternary  system  CaO-MgO~Al203-SiO, 


compositions  studied  reveal  accurate  infor- 
mation on  the  primary  phase  relations.  In 
the  remaining  area  of  the  diagram  the 
traces  of  boundary  surfaces  have  been 
drawn  as  dashed  lines  mainly  on  the  basis 
of  the  data  of  Osborn  et  al.  (1954),  Segnit 
(1957),  and  Prince  (1954).  Pyrope 
(3MgO  •  AI2O3  *  3Si02)  and  grossularite 
(3CaO'Al203,3Si02)  have  been  placed  in 
the  diagram,  although  pyrope  is  not  stable 
at  1  atmosphere  pressure  (Boyd  and  Eng- 
land, Year  Book  58,  p.  83)  and  grossularite 
is  only  stable  at  1  atmosphere  below  750 °C 
(Yoder,  1950£).  The  liquidus  relations  be- 


patible.  In  hydrous  systems,  however,  they 
coexist  (Yoder  and  Chinner,  Year  Book 
59,  p.  78),  and  in  natural  rocks  they  also 
occur  together. 

Detailed  presentation  of  the  complex  re- 
lations that  appear  below  the  liquidus  tem- 
peratures is  out  of  the  scope  of  the  present 
study,  which  deals  with  the  aluminous 
diopside  solid  solutions.  A  very  important 
observation  is  that  it  has  not  been  possible 
to  detect  any  lines  of  free  silica  in  the 
X-ray  powder  patterns  of  the  mixtures 
studied  in  the  system  enstatite-alumina- 
wollastonite.     By    means    of   optical    and 
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X-ray  powder  methods  (see  figs.  29  and  31) 
the  limit  of  solid  solution  in  diopside  along 
the  three  joins  studied  at  temperatures  of 
beginning  of  melting  (between  1210°  and 
1250  °C,  depending  on  the  particular  com- 
position) was  estimated.  The  results  are 
as  follows:  along  the  join  diopside-Ca- 
Tschermak's  molecule  (CaO'Al^03'Si02) 
the  limit  of  solid  solution  in  weight  per 
cent  is  close  to  DirsCa-Tscf^  (or  11.7  per 


locations  of  diopsides  in  the  series  diopside- 
Ca-Tschermak's  molecule,  diopside-alu- 
mina,  and  diopside-Mg-Tschermak's  mole- 
cule, respectively.  The  diameter  of  the 
large  circles  surrounding  the  points  re- 
flects the  magnitude  of  error  in  measure- 
ment of  the  peak  location  (±0.015°) 
in  the  diffractometer  patterns. 

The  points  between  pure  diopside  and 
DieoEmo  lie  on  a  practically  straight  line, 
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Fig.  29.    Plot  of  (510)  spacing  versus  (150)  spacing  in  X-ray  powder  patterns  of  diopsidic  pyroxenes. 


cent  AI2O3);  along  the  join  diopside- 
alumina  it  lies  between  12.5  and  15.0  per 
cent  AI2O3;  and  along  the  join  diopside- 
Mg-Tschermak's  molecule  (MgO'AUOs* 
Si02)  it  lies  between  Di8oMg-Tsch2o  and 
Di75Mg-Tsch25  (or  between  10.1  and  12.6 
per  cent  AI2O3). 

In  figure  29  the  variation  of  the  (510) 
spacing  has  been  plotted  against  the  varia- 
tion of  the  (150)  spacing.  The  point  of 
pure  diopside  is  shown  in  the  lower  left 
corner  of  the  figure.  The  points  for  the 
diopsides  in  the  series  CaO  *  MgO  •  2Si02- 
MgO*Si02  are  marked  X.  Solid  dots, 
squares,  and  triangles  represent  the  peak 


whereas  the  points  along  the  two  joins 
diopside-Ca-Tschermak's  molecule  and 
diopside-alumina  lie  on  slightly  curved 
lines  (to  the  points  A  and  B,  respectively). 
Owing  to  insufficient  data  it  was  not  pos- 
sible to  draw  a  line  through  the  points 
along  the  join  diopside-Mg-Tschermak's 
molecule.  Straight  dashed  lines  parallel  to 
the  line  diopside-DieoEmo  indicate  roughly 
the  content  of  alumina  in  the  particular 
diopsides,  which  is  known  from  the  bulk 
composition  of  the  sample. 

The  three  open  circles  (numbered  1,  15, 
and  16)  are  the  points  of  three  diopsides  in 
the  system  enstatite-anorthite-diopside  at 


GEOPHYSICAL  LABORATORY 


137 


the  temperature  of  beginning  of  melting 
(about  1210  °C)  with  the  following  compo- 
sitions of  the  mixtures:  EnioAnioDiso, 
EnioAn2oDi7o,  EnioAn.soDieo,  respectively. 
An  examination  of  the  position  of  the 
points  shows  immediately  that  the  diopsides 
of  the  system  enstatite-anorthite-diopside 
present  at  these  particular  compositions  and 
temperature  cannot  be  binary  CaO  ■  MgO  * 
2Si02-MgO  •  Si02  pyroxenes,  but  contain 


Si02),  which  is  an  arbitrarily  chosen  way 
of  expression.  Other  choices  would  be 
equally  valid.  The  position  of  the  points 
1,  15,  and  16  suggests  the  compositions 
EnioDi84Ca-Tschc,  EnioDisiCa-Tscho,  and 
EnioDi74Ca-Tschio,  respectively,  corre- 
sponding to  A1203  contents  of  about  2.5,  4, 
and  7  per  cent,  respectively. 

The  crosses  (  +  )  numbered  7,  8,  and  9 
are  the  points  of  three  diopsides  in  the 
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Fig.  30.    Isothermal  section  for  1135°C  in  the  system  CaO,Al203*Si02-diopside-silica. 


various  amounts  of  alumina  in  solid  solu- 
tion. As  each  of  the  three  compositions 
contains  10  per  cent  MgO*Si02,  all  of 
which  is  evidently  completely  included  in 
the  diopside,  a  10  per  cent  MgO  •  Si02  line 
has  been  drawn  through  these  three  points 
1,  15, 16,  and  the  point  DiooEnio.  The  line 
runs  parallel  to  the  line  extending  from 
pure  diopside  along  the  Ca-Tschermak 
solid  solution  to  A.  Using  the  diagram 
the  composition  of  the  diopsides  can  be 
expressed  in  terms  of  enstatite  (MgO* 
Si02),  diopside  (CaO-MgO'2Si02),  and 
Ca-Tschermak's    molecule    (CaO'AlaOs* 


system  diopside-anorthite  at  the  tempera- 
ture of  beginning  of  melting  (about 
1150°C)  for  the  bulk  compositions  of 
DigoAmo,  Di8oAn20,  DiroAnso,  respectively. 
The  position  of  the  points  suggests  a  con- 
tent of  about  5  to  8  per  cent  MgO*Si02 
and  about  1.5  per  cent  alumina  (or  about 
3  per  cent  Ca-Tschermak's  molecule)  for 
the  three  diopsides.  In  other  words,  the 
diopsides  even  in  the  relatively  simple  join 
diopside-anorthite  show  complex  solid  so- 
lution relations. 

In  figure  30  is  shown  an  isothermal  sec- 
tion at  1135°C  of  the  system  Ca-Tscher- 
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mak's  molecule-diopside-silica.  Blacjc  dots 
represent  the  compositions  studied  along 
the  join  diopside-Ca-Tschermak's  mole- 
cule and  the  join  diopside-anorthite.  The 
point  Di»7Ca-Tscri3  gives  the  projection  o£ 
the  composition  of  diopsidic  pyroxene  in 
this  join,  but  it  cannot  show  the  excess 
MgSiC>3  present. 

In  figure  31,  where  only  the  limiting 
lines  of  figure  29  are  repeated,  the  varia- 
tion of  the  plot  of  the  (510)  spacing 
versus  the  (150)  spacing  of  diopsidic  pyrox- 


the  mixture  becomes  completely  crystalline 
with  diopsidic  pyroxene  as  the  only  phase. 
The  two  open  circles  in  figure  31  show 
the  compositions  oi  the  diopsidic  pyroxene 
in  the  mixture  EnioAnsoDiso  in  the  system 
enstatite-anorthite-diopside  at  two  tem- 
peratures, 1250°  and  1205  °C.  On  cooling 
a  liquid  of  this  composition  pyroxene 
crystals  appear  at  1318°  ±  3°C.  At  1250°C 
the  composition  of  the  pyroxene  reaches 
the  value  DissEn^Ca-Tsclu.  On  further 
cooling  the  pyroxene  becomes  poorer  in 
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Fig.  31.    Variation  of  (510)  spacing  versus  (150)  spacing  of  diopsidic  pyroxene  with  temperature. 


ene  with  temperature  has  been  illustrated. 
Solid  dots  represent  the  points  of  diopside 
for  a  sample  with  bulk  composition 
Di75Ca-Tsch25  at  various  temperatures.  On 
cooling  a  liquid  of  this  composition  diop- 
sidic pyroxene  crystals  appear  at  1303°  ± 
3°C.  At  1280  °C  the  composition  of  the 
pyroxene  in  equilibrium  with  liquid  is 
about  Di84EngCa-Tsch8.  On  further  cool- 
ing the  diopside  changes  its  composition, 
becoming  poorer  in  the  diopside  and 
MgSiOs  components  and  richer  in  the  Ca- 
Tschermak's  molecule.    At  about  1213°C 


the  diopside  component  and  richer  in  the 
Ca-Tschermak's  molecule.  Finally,  at  about 
1205  °C  the  mixture  becomes  completely 
crystalline,  consisting  of  moderate  amounts 
of  both  anorthite  and  cristobalite  and  a 
diopsidic  pyroxene  with  the  composition 
Di74EnioCa-Tschie. 

By  means  of  the  method  described  above, 
the  compositions  of  diopsides  of  several 
other  mixtures  in  the  system  enstatite- 
anorthite-diopside  and  the  system  ensta- 
tite-alumina-wollastonite  were  studied  at 
various  temperatures  between  solidus  and 
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liquidus.  The  results  show  for  each  com- 
position the  same  general  tendency  as  was 
observed  for  the  two  cases  described  above : 
with  decreasing  temperature  the  amount  of 
CaO  "Ai203'Si02  (Ca-Tschermak's  mole- 
cule) in  the  diopside  increases  at  least  to 
the  solidus.  In  addition  the  results  show 
that  at  higher  temperatures  the  diopsides 
are  slightly  richer  in  MgO*Si02  than  at 
lower  temperatures.  The  results  presented 
above  point  out  the  stable  solid-solution 
relations  of  diopsides  at  temperatures  above 
the  beginning  of  melting,  i.e.,  in  the  pres- 
ence of  a  liquid  phase,  where  equilibrium 
is  readily  attained. 

By  the  method  described  above  the 
study  of  the  aluminous  diopsidic  solid  solu- 
tions in  the  join  diopside-anorthite  was 
extended  to  the  temperature  range  below 
the  beginning  of  melting.  Preliminary  re- 
sults suggest  an  obviously  metastable  solid 
solution  of  the  Ca-Tschermak's  molecule 
in  these  diopsides,  which  have  been  crystal- 
lized only  for  7  to  50  days  at  various  tem- 
peratures between  1050°  and  1150°C.  Such 
metastable  solid  solutions  were  not  en- 
countered in  the  presence  of  liquid. 

Crystallization  in  Forsterite-Anorthite- 
Diop side-Silica 

The  join  enstatite-anorthite-diopside  bi- 
sects the  tetrahedron  forsterite-anorthite- 
diopside-silica.  The  position  of  the  join  in 
the  tetrahedron  can  be  seen  more  readily 
in  the  larger  tetrahedron  f orsterite-CaO  * 
AUOs'SiC^  (Ca-Tschermak's  molecule)- 
diopside-silica  given  here  as  figure  32. 
This  figure  was  prepared  by  Yoder  and 
Tilley  to  show  the  relation  of  some  of  the 
grossularite-pyrope  garnets  and  tremolite- 
tschermakite  amphiboles  to  enstatitic  and 
diopsidic  pyroxenes  in  compositions  related 
to  basalts. 

An  examination  of  the  join  enstatite-an- 
orthite-diopside (fig.  13)  shows  that  there 
is  only  one  piercing  point,  forsterite  +  an- 
orthite  +  diopsidic  pyroxene  +  liquid  at 
1262°  ±  5°C.  In  the  plane  diopside-for- 
sterite-anorthite,   studied  by  Osborn  and 


Tait  (1952),  there  are  two  piercing  points, 
forsterite  +  anorthite  +  spinel  +  liquid  at 
1320°C  and  forsterite  +  anorthite  +  diop^ 
side  +  liquid  at  1270 °C.  In  the  base 
forsterite-anorthite-silica  studied  by  An- 
dersen (1915)  there  are  a  piercing  point, 
forsterite  +  anorthite  +  spinel  +  liquid  at 
1317 °C;  two  ternary  invariant  points, 
forsterite  +  anorthite  +  MgSiOs-rich  py- 
roxene at  1260°C;  and  the  ternary  eutectic, 


Grossz  Py 


Ca-Tsch 


Fig.  32.  The  tetrahedron  forsterite-CaO* 
Al203*Si02  (Ca-Tschermak's  molecule) -diop- 
side-silica.  Unpublished  diagram  of  Yoder  and 
Tilley  prepared  to  show  the  relation  of  some 
grossularite-pyrope  garnets  and  tremolite-tscher- 
makite  amphiboles  to  enstatitic  and  diopsidic 
pyroxenes  in  compositions  related  to  basalts.  An, 
anorthite;  Ca-Tsch,  Ca-Tschermak's  molecule; 
Di,  diopside;  En,  enstatite;  Fo,  forsterite;  Gross, 
grossularite;  Py,  pyrope;  Tr,  tremolite;  Ts, 
tschermakite. 


anorthite  +  MgSiOs-rich  pyroxene  +  cris- 
tobalite  +  liquid  at  1222  °C.  In  the  system 
anorthite-diopside-silica  there  is  only  one 
ternary  invariant  point,  anorthite  +  diop- 
side 4-  cristobalite  +  liquid  at  about 
1200  °C  (personal  communication  from 
J.  W.  Greig;  quoted  by  Osborn  and  Tait, 
1952). 

In  order  to  establish  the  number  and 
nature  of  the  quaternary  invariant  points 
and  the  temperatures  along  some  of  the 
univariant  lines,  particularly  the  univariant 
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line  forsterite  +  anorthite  +  diopsidic  py- 
roxene +  liquid,  within  the  tetrahedron 
forsterite-anorthite-diopside-silica,  a  new 
series  of  compositions  was  prepared  and 
their  crystallization  behavior  was  studied 
by  the  method  of  quenching.  The  solid 
phases  were  identified  by  optical  and  X-ray 
methods.  This  series  of  seven  compositions 
on  or  very  near  the  univariant  line  forster- 
ite +  anorthite  +  diopsidic  pyroxene  + 


mine  the  temperature  of  disappearance  of 
forsterite.  This  gave  the  value  1250°  ± 
10°C  for  the  temperature  of  the  quaternary 
invariant  point  forsterite  +  anorthite  + 
MgSi03-rich  pyroxene  +  diopsidic  pyrox- 
ene +  liquid.  On  some  of  these  seven 
compositions  it  was  possible  to  determine 
the  temperature  of  appearance  of  cristobal- 
ite.  These  data  and  those  shown  in  the 
isothermal  sections  (figs.  25-27)  gave  the 
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Fig.  33.  The  relation  of  ternary  invariant  points  (small  solid  circles)  in  the  limiting  systems 
to  univariant  lines  and  two  quaternary  invariant  points  (large  solid  circles,  lettered  X  and  Y)  in  the 
volume  enstatite— anorthite-diopside-silica  of  figure  32  to  each  other  and  to  some  of  the  other  qua- 
ternary invariant  points  in  the  system  CaO-MgO-Al203-Si02.  An,  anorthite;  Cord,  cordierite;  Di, 
diopside;  Ens,  enstatite;  Fo,  forsterite;  Mel,  melilite;  Pyrox,  pyroxene;  Tr,  tridymite;  Wol,  wol- 
lastonite. 


liquid  was  studied.  They  gave  the  values 
1263°C  in  the  plane  diopside-forsterite- 
anorthite;  1273  °C  for  a  point  between  this 
and  the  piercing  point  in  the  plane  ensta- 
tite-anorthite-diopside; 8  and  1278°,  1282°, 
and  1278  °C  for  three  points  along  this 
same  univariant  line  in  the  volume  ensta- 
tite-anorthite-diopside-silica  to  the  right 
of  the  plane  enstatite-anorthite-diopside, 
as  shown  in  figure  32.  On  some  of  these 
seven  compositions  it  was  possible  to  deter- 

8  For  this  piercing  point  we  obtained  the  new 
value  1268°C  from  two  new  compositions  as 
compared  with  1262°±5°C  as  shown  in  figure 
13. 


value  1150°  ±  10°C  for  the  quaternary  in- 
variant point  anorthite  +  Mg-rich  pyrox- 
ene +  diopsidic  pyroxene  +  tridymite  + 
liquid.  These  observations  on  the  two 
quaternary  invariant  points  are  confirmed 
by  an  examination  of  the  isothermal  sec- 
tions (figs.  25-27). 

The  relations  of  the  two  quaternary  in- 
variant points  in  the  volume  enstatite- 
anorthite-diopside-Si02  to  each  other  and 
to  some  of  the  other  quaternary  invariant 
points  in  the  system  CaO-MgO-Al203- 
Si02  are  shown  here  in  figure  33.  The 
points  are  lettered  similarly  to  those  given 
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by  Chinner  and  Schairer  (1961)  in  the 
"flow  sheet"  showing  the  relation  between 
ternary  invariant  points  and  a  large  num- 
ber of  quaternary  invariant  points  in  the 
system  CaO-MgO-Al203-Si02.  As  shown 
in  figure  33  the  goal  of  crystallization  par- 


ticularly with  fractional  crystallization  in 
these  simplified  iron-free  basaltic  melts  is 
a  mixture  of  feldspar  and  a  silica  mineral 
with  two  pyroxenes,  an  aluminous  diop- 
sidic  pyroxene  and  an  aluminous  MgSiOa- 
rich  enstatitic  pyroxene. 


CRYSTALLIZATION  IN  THE  SYSTEM  NEPHELINE-FORSTERITE- 
SILICA  AT  ONE  ATMOSPHERE  PRESSURE 

/.  F.  Schairer  and  H.  S.  Yoder,  Jr. 


In  1956  a  study  was  begun  of  the  im- 
portant quaternary  system  Na20-MgO- 
Al203-Si02,  for  which  phase-equilibrium 
data  were  almost  completely  lacking.  Sub- 
stantial progress  was  made  during  the  first 
year  of  study;  phase-equilibrium  diagrams 
for  the  joins  albite-cordierite-silica,  albite- 
forsterite-cordierite,  and  albite-magnesium 
metasilicate-cordierite,  and  a  diagram 
showing  the  relation  of  univariant  lines  to 
ternary  invariant  points  in  the  limiting 
systems  and  to  seven  of  the  quaternary 
invariant  points  (Year  Book  56,  pp.  217— 
222,  figs.  50-53)  were  presented.  It  was 
shown  that  in  the  two  large  volumes  albite- 
corundum-spinel-silica  and  albite-forster- 
ite-spinel-silica  the  residual  liquid  during 
crystallization  proceeds  toward  a  similar 
goal,  a  soda-granite. 

Subsequently  these  studies  were  ex- 
panded to  include  compositions  rich  in 
nepheline  that  lie  in  the  volume  nepheline- 
forsterite-spinel-silica,  and  the  phase-equi- 
librium diagram  was  presented  for  the 
system  nepheline-spinel-silica  (Year  Book 
57,  pp.  210-212,  fig.  22).  The  crystalliza- 
tion behavior  of  all  compositions  in  this 
system  was  discussed,  and  it  was  shown 
that  residual  liquids  from  crystallization 
are  poor  in  spinel  or  cordierite  or  both  and 
rich  in  the  alkali  aluminosilicates  albite  or 
nepheline  or  both.  It  was  also  noted  that 
those  compositions  in  the  triangle  albite- 
spinel-cordierite,  which  lies  on  the  silica 
side  of  albite-spinel,  have  a  residual  liquid 
that  lies  on  the  nepheline  side  of  albite- 
spinel.  If  this  residual  liquid  were  sepa- 
rated from  early-formed  crystals,  it  would 


give  a  nepheline-bearing  product  of  crystal- 
lization. 

An  examination  of  figure  34  shows  that 
the  system  nepheline-forsterite-silica  is  the 
base  of  the  "simple  basalt  tetrahedron" 
of  Yoder  and  Tilley  (Year  Book  59,  pp.  67- 
69,  fig.  15).  Last  year  a  preliminary  equi- 
librium diagram  was  presented  for  the 
system  albite-forsterite-silica  (Year  Book 
59,  pp.  69-70,  fig.  17),  which  is  a  portion  of 
this  base.  The  equilibrium  diagram  for 
the  entire  base,  the  system  nepheline- 
forsterite-silica,  is  given  here  as  figure  35. 

Black  dots  indicate  the  compositions  pre- 
pared   and    studied    by    the    method    of 


Fig.  34.  Simple  iron-free  tetrahedron  based 
on  principal  normative  minerals  of  various 
basalts  (Yoder  and  Tilley,  1958,  unpublished 
work).  Ab,  albite;  Di,  diopside;  En,  enstatite; 
Fo,  forsterite;  Ne,  nepheline;  Qz,  quartz. 
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quenching.  Heavy  curves  are  the  boundary 
curves  between  the  primary  fields  of  the 
several  solid  and  liquid  phases.  The  tie  line 
albite-forsterite  divides  the  system  into  two 
parts,  nepheline-forsterite-albite  and  albite- 
forsterite-silica.  The  portion  nepheline-for- 
sterite-albite is  not  ternary  at  liquidus  tem- 


The  tie  line  albite-MgSiOs  divides  the 
portion  albite-forsterite-silica  into  two 
parts.  All  compositions  in  the  area  albite- 
forsterite-enstatite  become  completely  solid 
at  the  temperature  of  H  at  1095°  ±  5°C, 
and  the  last  liquid  has  the  composition 
H.    All  compositions  in  the  area  albite- 
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Fig.  35.    Equilibrium  diagram  of  the  system  nepheline-forsterite-silica. 


peratures;  a  field  of  spinel  is  present.  At 
lower  temperatures,  where  spinel  has  dis- 
appeared by  reaction  with  liquid,  the  sys- 
tem is  ternary.  During  crystallization  all 
compositions  in  nepheline-forsterite-albite 
proceed  to  the  ternary  eutectic  Q  (fig.  35) , 
which  lies  near  the  binary  eutectic  K.  Thus 
residual  liquids  are  rich  in  the  alkali 
aluminosilicates  albite  and  nepheline  and 
poor  in  ferromagnesian  minerals,  in  this 
case  forsterite. 


enstatite-silica  only  become  completely 
solid  at  the  ternary  eutectic  /  at  1045  °C, 
and  the  last  liquid  has  the  composition  /. 
This  ternary  eutectic  lies  close  to  the  binary 
eutectic  F.  Thus  residual  liquids  are  rich 
in  albite  and  silica  and  poor  in  ferromag- 
nesian minerals,  in  this  case  enstatite. 

Thus  it  is  seen  that  the  binary  join 
albite-forsterite  is  a  thermal  barrier  be- 
tween crystallization  products  with  the 
olivine  forsterite,  enstatitic  pyroxene,  and 
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Fig.  36.    Equilibrium  diagram  of  the  system 
albite-forsterite. 


feldspar;  or  with  enstatitic  pyroxene,  feld- 
spar, and  tridymite  on  one  hand  and  the 
olivine  forsterite,  feldspar,  and  nepheline 
on  the  other  hand.  The  barrier  albite- 
forsterite  emphasizes  again  the  incompati- 
bility of  any  form  of  MgSiC>3  and  nephe- 
line. There  are,  therefore,  serious  doubts 
about  the  recently  reported  existence  of 
pigeonites  and  pigeonitic  augites  in  nephe- 
line normative  basalts. 

The  binary  system  albite-forsterite  is 
shown  here  in  figure  36.  There  is  a  binary 
eutectic  close  to  the  albite  side  at  albite  98, 
forsterite  2,  at  1103°  ±  2°C.  Temperatures 
along  the  liquidus  curve  of  forsterite  in- 
crease very  rapidly  from  the  eutectic  point, 
supporting  Bowen's  contention  that  the 
olivine  content  of  basalts  is  limited  by  the 
high  liquidus  temperatures.  In  figure  37 
the  system  anorthite-forsterite  (Andersen, 
1915;  Osborn  and  Tait,  1952)  is  shown  for 
comparison. 

Compositions  in  the  area  forsterite- 
jadeite-albite-enstatite  (fig.  35)  are  close 
in  composition  to  some  peridotites.   At  1 
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Fig.  37.    Equilibrium  diagram  of  the  system  forsterite-anorthite  (after  Andersen,  1915;  Osborn 
and  Tait,  1952). 
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atmosphere  pressure  the  compositions  on  pyroxene,  feldspar,  and  silica  on  fractiona- 

the  nepheline  side  of  the  join  albite-forster-  tion  with  no  nepheline. 

ite,  on  the  one  hand,  yield  nepheline-bear-  Attention  is  called  to  the  quite  different 

ing  products  of  crystallization,  and  those  behavior  of  the  system  nepheline-forster- 

on  the  silica  side  of  this  join,  on  the  other  ite-silica  at   moderate  to  high  pressures, 

hand,   yield   only   olivine,   pyroxene,   and  discussed  in   another  part  of  this  report 

feldspar  under  equilibrium  conditions  or  (Yoder   and  Tilley,   pp.   106-113). 

STABLE  AND  METASTABLE  PHASE  RELATIONS  IN  THE 

SYSTEM  MgO-Al203-Si02 

W.  Schreyer  and  J.  F.  Schairer 


Studies  of  phase  equilibria  in  many 
chemical  systems  have  provided  examples 
of  Ostwald's  step  rule.  This  rule  indicates 
that  the  phase  assemblages  stable  at  a 
particular  pressure  and  temperature,  i.e., 
those  with  the  lowest  free  energies,  may  be 
arrived  at  stepwise  through  various  meta- 
stable  phases  or  assemblages  exhibiting 
slightly  higher  levels  of  free  energy.  In  a 
few  instances  these  phenomena  have  been 
identified  as  being  involved  in  reactions 
of  silicates.  Recent  work  at  this  laboratory 
on  the  system  MgO-Al203-Si02  has  re- 
vealed that  the  behavior  summarized  by 
Ostwald's  step  rule  is  of  major  importance 
in  the  interpretation  of  experimental  ob- 
servations on  this  silicate  system.  The  find- 
ings further  raise  questions  whether  in- 
consistencies reported  in  other  silicate 
experimentation  may  not  involve  this  same 
phenomenon  of  metastability.  Many  such 
experiments  are  conducted  with  glass  as  a 
starting  material.  This  has  a  considerably 
higher  free  energy  than  the  stable  crystal- 
line end  products  and  is  therefore  a  par- 
ticularly favorable  starting  material  for  the 
synthesis  of  metastable  phases. 

In  the  system  MgO-Al203-Si02  three 
examples  of  formation  of  metastable  phases 
and  at  least  one  of  metastable  solid  solu- 
tion as  well  as  metastable  structural  state 
of  a  phase  were  observed.  The  following 
descriptions  summarize  our  findings  of 
phases  in  this  system.  The  experimental 
results  on  the  metastable  assemblages  are 
treated  first. 

The  crystallization  of  glasses  with  com- 
positions in  the  system  MgO-Al203-Si02 


at  the  relatively  low  subsolidus  tempera- 
tures between  800°  and  about  1100°C 
causes  the  formation  of  metastable  phases 
with  crystal  structures  entirely  different 
from  those  of  the  phases  stable  under 
equilibrium  conditions.  These  metastable 
phases  are  very  interesting  from  the  point 
of  view  of  crystal  chemistry.  Three  differ- 
ent types  can  be  distinguished:  (1)  meta- 
stable solid  solutions  with  quartz-type 
structures,  (2)  metastable  phase  with  an 
osumilite-type  structure,  (3)  metastable 
phase  with  a  petalite-type  structure. 

1.  The  metastable  solid  solutions  with 
quartz-type  structures  mentioned  previ- 
ously (Year  Book  59,  pp.  97-98)  and  de- 
scribed in  detail  by  Schreyer  and  Schairer 
(1961b)  have  compositions  along  a  consid- 
erable portion  of  the  join  Si02-MgAl204. 
They  could  be  synthesized  in  varying 
amounts  from  all  46  ternary  compositions 
that  were  available  for  study  (fig.  38),  and 
they  represent  the  most  common  of  the 
three  types  of  metastable  phases. 

2.  The  metastable  phase  with  an  osumi- 
lite-type structure  described  by  Schreyer 
and  Schairer  (1961r)  yields  an  X-ray 
powder  diffraction  pattern  almost  identical 
with  that  of  the  natural  mineral  osumilite, 
(K,Na,Ca)  (Mg,Fe+2)2(Al,Fe+s,Fe+2)  (Si, 
Al)i203o'H20,  discovered  by  Miyashiro 
(1956),  which  in  turn  is  isostructural  to 
milarite,  KCa2  (Be,Al,Si)  3  (Si,Be)  1203  • 
y2U20.  Recently  Tennyson  (1960)  found 
that  the  mineral  armenite,  BaCa2Al3Al3Sig- 
03o*2H20  (Neumann,  1941),  probably 
also  belongs  to  this  group.  Furthermore, 
it  was  found  that  the  synthetic  com- 
pounds    K20-5MgO-12Si02     (Roedder, 
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1951)  andNa20-5MgOT2Si02  (Schairer, 
Yoder,  and  Keene,  unpublished  data)  have 
X-ray  properties  indicating  a  very  close 
structural  relationship  with  the  above- 
mentioned  natural  minerals.  According  to 
Schreyer  and  Schairer   (1961c)    all  these 


type  structure,  also  described  by  Schreyer 
and  Schairer  (1961c),  was  identified  by  its 
X-ray  properties,  which  are  similar  to 
those  of  the  natural  mineral  petalite, 
LiAlSi40io.  There  is  also  a  certain  simi- 
larity in  its  X-ray   data  to  those  of  Li- 
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Fig.  38.  Stable  subsolidus  phase  relations  of  the  system  MgO-Al203-Si02  for  the  temperature 
range  800°-1300°C  (solid  lines).  The  line  marked  by  cross  bars  originating  from  cordierite  (2:2:5) 
indicates  the  maximum  range  of  solid  solution  in  cordierite  at  higher  temperatures.  Solid  dots  rep- 
resent compositions  investigated. 


different  compositions  can  be  related  to  one 
another  by  simple  lattice  substitutions. 
The  same  also  holds  for  the  metastable 
osumilite-type  phase  in  the  system  MgO- 
Al203-Si02,  whose  exact  composition  is 
unknown  but  has  to  lie  along  the  line 
Si02-MgAl204. 
3.  The  metastable  phase  with  a  petalite- 


disilicate,  LioSioOs,  which  according  to 
recent  studies  of  Liebau  (1961)  is  struc- 
turally closely  related  to  petalite.  The 
composition  of  the  metastable  petalite-type 
phase  is  not  known  from  the  experiment, 
but  its  similarity  to  the  Li-bearing  phases 
suggests  that  it  is  an  Mg  analogue  of  a 
petalite-disilicate  solid  solution. 
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These  three  types  of  metastable  ternary  in  the  cristobalite  lattice;  but  whether  such 

phases  constituted  a  large  portion  of  the  cristobalite   solid   solutions   are   an   equi- 

metastable  phase  assemblages  obtained  at  librium  feature  or  are  also  caused  by  meta- 

low  devitrification  temperatures  from  the  stable  crystallization  cannot  be  decided. 
46  glasses  investigated.   From  appropriate         A  particularly  interesting  example  of  the 

bulk  compositions  forsterite  and  a  pyrox-  gradual   approach   of   equilibrium   condi- 

ene  structurally  close  to  orthoenstatite  were  tions  during  crystallization  is  displayed  by 

formed  in  addition.  Except  for  the  struc-  the  phase  cordierite,  to  which  this  study 

tural  state  of  the  pyroxene,  however,  they  was  principally  devoted.    At  atmospheric 

appear  to  represent  stable  phases.  At  higher  pressure  for  a  fixed  temperature  the  cor- 

temperatures  or  at  constant  temperature  dierite  occurring  in  a  certain  ternary  bulk 

after  continued  heat  treatment  the  pyrox-  composition    has    a    definite    equilibrium 

ene  phase  and  the  forsterite  persist,  whereas  composition   as   well   as   structural   state, 

all  three  metastable  phases  disappear  grad-  Nevertheless,  the  cordierites  forming  at  sub- 

ually  and  give  rise  to  completely  different  solidus  temperatures  at  the  expense  of  any 

crystalline  products,  cordierite,  spinel,  and  of  the  pre-existing  metastable  phases  (1-3), 

cristobalite  with  or  without  tridymite.  although   exhibiting  basically   the  crystal 

Cristobalite  is  considered  to  be  the  stable  structure  stable  under  these  conditions,  do 
form  of  Si02  only  above  1470°C,  whereas  not  initially  have  their  equilibrium  compo- 
between  867°C  and  this  temperature  trid-  sitions  and  structural  states.  These  cordier- 
ymite  should  be  present.  In  recent  years  itcs  form  metastable  solid  solutions  ex- 
serious  doubts  about  the  validity  of  this  tending  from  a  basic  cordierite  composi- 
concept  have  been  raised  from  crystallo-  tion,  2MgO  •  2A1203  *  5Si02,  in  at  least  three 
graphic  (Florke,  1955a)  and  thermody-  different  directions  within  the  system 
namic  (Holmquist,  1958)  points  of  view,  MgO-Al203-Si02 :  (1)  toward  Si02,  (2) 
which  make  it  appear  that  cristobalite  is  following  a  line  of  lattice  substitution 
the  only  stable  crystalline  phase  of  Si02  US  +  Si  £or  2A1>  (3)  lowing  a  line  of 
at  atmospheric  pressure  above  the  inversion  lattice  substitution  2A1  for  Mg  +  Si.  Fur- 
temperature  of  quartz.  Tridymite  would  thermore,  as  was  pointed  out  earlier  (Year 
only  form  in  the  presence  of  foreign  ions.  B°°k  59>  PP;  87-88),  these  cordierites  are 
In  the  present  investigation  of  the  system  al7.T  mitially  hexagonal  high-cordientes 
MgO-Al203-Si02  the  appearance  of  cris-  whlch  ^present  a  metastable  structural 
tobalite  with  or  without  tridymite  was  «*?  at  subsohaus  temperatures  for  most 
c~  a  -  u  a  j  1  bulk  compositions.  At  relatively  low  tem- 
tound  to  be  dependent  to  a  large  extent  r£  ,  ,  .  /innn;0  nAAonN 
a.  i  ii  •  •  r  i  •  peratures  or  dry  heating  (1000  -1200  C) 
on  the  bulk  composition  or  the  mixture,  r,  i_i  i-j  i  •  i 
,  .  ,.  .  ir.  •  .  these  metastable  solid  solutions  and  struc- 
thus  indicating  that  foreign  ions  may  in-  i  c  a-  v  •  i 
,  ,  °  .  .  n  b  \  .  .  tural  states  or  cordierite  are  amazingly 
deed  exert  a  certain  influence  upon  which  •  f  Ti  •  u  a 
,         c                .       .             ..  /         r    .  persistent.    Iney  may  remain  unchanged 

phase  forms  under  the  conditions  of  the  for  months  or  even  £or  A  dual 
experiment  (Schreyer  and  Schairer,  1961a).  unmixing  as  wcll  as  an  appr0ach  toward 
However,  the  data  do  not  yield  conclusive  the  stabIe  structurai  state  (=  W-cordier- 
evidence  concerning  the  ultimate  stability  ite)?  therefore,  is  best  achieved  by  raising 
relations.  It  may  be  of  interest  to  note  that  tne  temperature  to  a  value  about  50°  below 
in  most  runs  the  form  of  cristobalite  tne  various  subsolidus  temperatures,  i.e., 
quenched  to  room  temperature  was  high-  to  a  range  1300°  to  1390°C.  The  stable 
cristobalite  or  possibly  a  strongly  dis-  low-temperature  composition  and  struc- 
ordered  low-cristobalite  yielding  an  X-ray  tural  state  of  cordierite  once  attained  can- 
powder  diffraction  pattern  similar  to  that  not  be  reconverted  into  previous  conditions 
of  high-cristobalite  (Florke,  1955£).  This  by  lowering  the  temperature  again.  This 
is  likely  to  be  due  to  foreign  ions  present  fact,  of  course,  may  be  considered  evidence 
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for  the  metastable  nature  of  the  properties 
of  the  initially  crystallizing  cordierites. 

The  stable  phase  relations  in  the  system 
MgO-Al203-Si02  at  atmospheric  pressure 
as  approached  in  our  experiments  may 
then  be  outlined  as  follows  (fig.  38) .  Cor- 
dierite  is  the  only  stable  ternary  phase  at 
subsolidus  temperatures  for  the  bulk  com- 
positions investigated.  The  second  ternary 
phase,  sapphirine,  was  obtained  from  some 
of  these  compositions,  but  only  in  the 
presence  of  liquid.  The  stable  composition 
of  cordierite  over  the  temperature  range 
800°  to  1300  °C  is  invariably  2MgO* 
2Al203'5Si02,  and  there  is  no  stable  solid 
solution  in  any  direction  within  the  system. 
Above  1300° C,  however,  cordierites  may 
exhibit  limited  stable  solid  solution  toward 
a  theoretical  compound  "Mg-beryl,"  Mg3- 
ALSieOis,  i.e.,  following  a  line  of  Mg  + 
Si  — >  2A1  substitution.  This  possible  range 
of  solid  solubility  increases  from  1300 °C 
to  about  1355°C  and  decreases  again  at 


higher  temperatures.  The  maximum 
amount  of  "Mg-beryl"  in  solid  solution  is 
about  20  weight  per  cent.  At  1465 °C,  i.e., 
the  incongruent  melting  point  of  cordierite, 
the  unique  composition  2MgO'2Al203* 
5Si02  is  in  equilibrium  with  liquid. 

The  phase  relations  among  the  cordierite 
polymorphs  high-cordierite,  intermediate- 
state  cordierite,  and  "low"-cordierite  (Year 
Book  59,  fig.  30)  were  found  to  be  ex- 
tremely complicated.  They  are  discussed 
in  detail  by  Schreyer  and  Schairer  (1961a) . 
Furthermore,  their  main  feature,  the  de- 
pendence on  the  total  bulk  composition, 
was  pointed  out  in  a  previous  report  (Year 
Book  59,  pp.  85-90) .  It  is  possible  that  this 
behavior,  well  studied  in  cordierite,  is  a 
general  property  of  all  silicates  showing 
order-disorder  relations.  The  use  of  the 
structural  states  of  these  minerals  in  geo- 
thermometry  would,  therefore,  require  ad- 
ditional information  to  ascertain  tempera- 
tures of  crystallization. 


PETROGRAPHIC  GUIDES  TO  THE  EXPERIMENTAL  PETROLOGY  OF 

CORDIERITE 

W.  Schreyer  and  H.  S.  Yoder,  Jr. 


One  of  the  most  important  problems  of 
modern  petrology  is  the  correlation  of  ex- 
perimental data  with  petrographic  and 
field  observations.  Genetic  interpretations 
based  on  the  latter  observations  are  often 
subjective  and  controversial.  Experimental 
petrology  yields  reproducible  and  signifi- 
cant results  on  model  systems,  which,  how- 
ever, may  be  too  simplified  to  represent 
adequately  questions  of  petrogenesis.  Prog- 
ress can  most  surely  be  made  through  si- 
multaneous employment  of  both  types  of 
approach.  Experimental  work  is  best  based 
on  a  thorough  knowledge  of  the  relations 
displayed  by  the  rocks  themselves.  In 
emphasizing  those  features  of  genetic  sig- 
nificance the  results  of  experimental  petrol- 
ogy may  in  turn  exert  an  important  in- 
fluence on  petrography.  Furthermore, 
petrographic  features  that  appear  to  be 
ambiguous  may  be  correctly  interpreted 
through  utilization  of  experimental  peno- 
logical data. 


In  their  study  of  the  stability  and  phase 
relations  of  the  mineral  cordierite  the  au- 
thors have  attempted  such  a  correlation 
of  experiment  and  petrography  and  have 
encountered  a  number  of  observational 
features  in  natural  rocks  pointing  to  chemi- 
cal reactions  involving  cordierite.  Most  of 
these  reactions,  however,  require  more 
components  than  those  employed  in  the 
synthetic  model  systems  and  await  experi- 
mental study  and  confirmation  in  more 
complex  systems.  Some  of  the  features  ob- 
served and  their  value  to  the  experimental 
petrologist  are  indicated  in  the  following 
paragraphs  with  the  aid  of  selected  photo- 
micrographs. 

General  Features 

Mere  recognition  of  the  mineral  cordier- 
ite under  the  microscope  is  difficult.  There 
are  rocks  in  which  it  is  virtually  impossible 
to  distinguish  cordierite  from  quartz  unless 
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tedious  conoscopic  or  universal-stage  tech- 
niques are  used  (fig.  39,  pi.  1).  Twinning 
is  not  always  developed,  and  can  only  be 
used  incontrovertibly  for  identification  if 
the  typical  sectors  or  other  features  point- 
ing to  the  pseudohexagonal  symmetry  of 
cordierite  are  present  (fig.  40,  pi.  1).  Poly- 
synthetic  twinning  may  occur  and  appear 
almost  indistinguishable  from  twinning  of 
sodic  plagioclases  (fig.  41,  pi.  2).  A  com- 
mon method  of  identification  is  based  on 
the  occurrence  of  yellow  or  orange  pleo- 
chroic  haloes  in  cordierites  surrounding  in- 
clusions of  radioactive  minerals  (fig.  42, 
pi.  2);  not  all  cordierites  contain  such 
minerals,  however.  In  summary,  cordier- 
ite, if  fresh,  is  a  very  inconspicuous  mineral 
under  the  microscope  and  can  easily  be 
overlooked,  particularly  in  the  presence  of 
quartz  and  plagioclase.  Even  its  common 
occurrence  as  diffuse  porphyroblasts  in 
hornfelses  (fig.  43,  pi.  3)  or  as  well  defined 
porphyroblasts  in  spotted  slates  (fig.  44, 
pi.  3)  is  not  unique,  because  plagioclase 
may  occur  in  a  similar  way.  Cordierites  oc- 
curring in  igneous  rocks  as  crystallization 
products  of  the  magma,  not  as  foreign  in- 
clusions, are  usually  euhedral  pseudohex- 
agonal prisms  and  often  exhibit  sector  twin- 
ning. The  absence  of  zoning  may  dis- 
tinguish such  cordierites  from  similarly 
shaped  plagioclases  (fig.  45,  pi.  4). 

Polymorphism 

Miyashiro  and  Iiyama  (1954)  discovered 
that  in  addition  to  orthorhombic  pseudo- 
hexagonal  cordierite  there  exists  a  truly 
hexagonal  form  of  cordierite,  which  may 
also  occur  in  nature.  The  first,  and  to 
date  the  only,  natural  occurrence  is  in  a 
fused  shale  from  Bokaro  coal  field  in  India. 
Because  of  the  restricted  stability  field  of 
this  phase  at  high  temperatures  and  under 
certain  other  conditions,  Schreyer  and 
Schairer  (1961a;  also  Year  Book  59,  pp.  85- 
90)  named  it  high-cordierite.  It  was  found 
by  experiment  that  high-cordierite  forms 
metastably  under  any  condition  as  the  first 
form  of  cordierite,  and  only  through  con- 


tinued heat  treatment  at  appropriate  tem- 
peratures is  it  gradually  transformed 
through  intermediate  structural  states  into 
stable  orthorhombic  low-cordierite.  High- 
cordierite,  "low"-cordierite  (defined  in 
Year  Book  59,  fig.  30),  and  intermediate 
structural  states  can  be  recognized  most 
easily  in  a  powder  X-ray  diffraction  pat- 
tern. Petrographically,  high-cordierite  is 
characterized  by  2VX  —  0,  "low"-cordierite 
by  2VX  in  the  vicinity  of  90°.  Twinned 
cordierites  are  most  likely  to  be  ortho- 
rhombic. It  was  observed  by  Schreyer  and 
Yoder  (unpublished  data)  in  hydrother- 
mal  experiments  that  the  gradual  attain- 
ment of  the  low-temperature  form  is  ac- 
companied by  the  development  of  regular 
twin  patterns. 

Another  interesting  relationship  between 
the  structural  state  of  cordierite  and  its 
petrographic  appearance  is  shown  in  figure 
46,  plate  4.  The  fused  shale  from  Bokaro 
coal  field,  India,  specimen  23/951,  Geologi- 
cal Survey  of  India,  from  which  this  photo- 
micrograph was  taken,  is  still  the  only 
known  natural  source  of  truly  hexagonal 
high-cordierite,  although  not  all  the  cordi- 
erite present  in  the  rock  is  indeed  high- 
cordierite.  The  euhedral  pseudohexagonal 
prisms  shown  in  the  central  part  of  figure 
46  are  orthorhombic  "low"-cordierites  ex- 
hibiting complicated  twin  patterns  under 
crossed  nicols.  The  high-cordierite,  on  the 
other  hand,  is  represented  by  all  the  other 
skeletal,  imperfect  crystal  rudiments  typical 
for  devitrification  products.  They  partly 
surround  the  "low"-cordierite  prisms  and 
are,  in  turn,  imbedded  in  glass  (black). 
Venkatesh  (1952)  described  the  variable 
crystal  development  in  these  rocks  and  at- 
tributed it  to  variable  rates  of  growth. 
The  interpretation,  which  is  in  accord  with 
the  experimental  results  (Schreyer  and 
Schairer,  1961a),  is  as  follows: 

The  "low"-cordierite,  which  makes  up 
approximately  1  per  cent  of  the  total  cordi- 
erite in  the  thin  section,  coexisted  with 
the  melt  for  sufficient  time  to  attain  essen- 
tially   polymorphic   equilibrium   and   de- 
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velop  its  proper  crystal  form.  This  petro- 
graphic  interpretation  is  confirmed  by  the 
experimental  finding  (Year  Book  59,  pp. 
88-89)  that  for  the  bulk  composition  of 
sample  23/951  "low"-cordierite  is  stable  up 
to  the  temperature  of  disappearance  of 
cordierite.  Subsequently,  upon  cooling, 
more  cordierite  crystallized  from  the  melt 
or  possibly,  at  still  lower  temperatures, 
from  the  glass.  Owing  to  the  short  time 
available  for  crystallization,  however,  this 
cordierite  remained  imperfect  with  regard 
to  its  crystal  form  as  well  as  metastable 
with  regard  to  its  structural  state.  Thus  the 
only  occurrence  of  high-cordierite  in  a 
natural  rock  is  considered  a  product  of 
metastable  crystallization. 


the  proposed  reaction  follows  from  com- 
parison of  this  assemblage  with  that  of  the 
lower-grade  unspotted  slate  (chlorite,  bio- 
tite,  muscovite,  and  quartz).  Comparison 
of  these  two  types  of  assemblages  also  in- 
dicates that  the  growth  of  cordierite  during 
progressive  metamorphism  may  take  place 
subsequent  to  the  formation  of  a  biotite 
and  indeed  may  produce  additional  biotite. 
In  other  rocks  the  minerals  reacting  to 
form  cordierite  are  still  present.  At  water 
pressures  above  5000  bars  it  was  found  by 
experiment  (Year  Book  58,  p.  102)  that  in 
the  simplest  system  the  reaction  to  form 
cordierite  is  in  essence 

Chlorite  +  Al2Si05  +  quartz  — > 

cordierite  +  vapor     (3) 

Cordierite-Producing  Reactions  in  Natural     Petrographic  evidence  from  rocks  contain- 

Roc\s  ing  potash  (Hietanen,  1947)  suggests  that 

„     ..    .      .  ill  the  reaction   taking  place  in  nature  is 

Cordierite  in  many  natural  rocks  does  °  r 

not  crystallize  from  a  melt  but  owes  its  Biotite  +  sillimanite  +  quartz  — > 

existence  to  various  solid-state  chemical  re-  cordierite  +  K  feldspar  +  H20     (4) 

actions  with  or  without  interaction  of  a 

vapor  phase.    For  the  simplest  synthetic  In  %ure  47>  Plate  5>  the  biotite  is  alwaYs 

system  the  most  important  reaction  leading  separated  from  sillimanite  by  a  zone  of 

to  the  formation  of  cordierite  at  pressures  cordierite.  This  feature  of  "sillimanite-free 


up  to  5000  bars  was  found  to  be  (Year  Book 
58,  pp.  100-101) 

Amesite  -f-  pyrophyllite  — » 

cordierite  +  vapor 


In  natural  rocks  containing  alkalies 
reaction  becomes 9 

Muscovite  +  chlorite  +  quartz  — » 

cordierite  +  biotite  +  H20 


(i) 

the 
(2) 


cordierite  peripheries"  has  been  observed 
in  cordierite-sillimanite  gneisses  by  a  num- 
ber of  petrographers  (e.g.,  Wimmenauer, 
1950;  Voll,  1960),  but  was  interpreted  in 
different  ways.  It  is  believed  by  the  authors 
to  be  due  to  the  above  reaction  of  biotite 
with  sillimanite  and  quartz  to  form  cordi- 
erite. The  K  feldspar  also  formed  by  this 
reaction  is  usually  not  present  in  the  im- 
mediate vicinity  of  the  minerals  involved, 


which  is  most  important  for  the  develop-      bfut  [s  accumulated  locally  in  different  parts 


ment  of  cordierite  porphyroblasts  in  spotted 
slates.  In  the  situation  presented  in  figure 
44,  plate  3,  this  reaction  cannot  be  deduced 
from  the  mineral  assemblage  of  the  spotted 
slate  itself,  which  consists  primarily  of 
biotite,  muscovite,  and  quartz  in  addition 
to  the  cordierite   porphyroblasts.    No  K 


of  the  same  rock. 

It  is  to  be  emphasized  that  reaction  4 
consumes  free  SiO?.  Therefore,  the  reac- 
tion between  biotite  and  sillimanite  will 
not  take  place  in  a  silica-deficient  environ- 
ment or,  alternatively,  will  cease  as  soon  as 
the  available  quartz  is  used  up.    In  this 


feldspar  is  present  in  the  rock.  However,  event,  biotite  and  sillimanite  may  still  co- 
exist in  equilibrium  even  in  a  different 
portion  of  the  same  rock. 


9  Not  all  the  equations  have  been  balanced, 
because  of  the  variability  of  composition  of  the 


complex  phases. 


Evidence  for  a  similar  reaction  involv- 
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ing  biotite  and  another  aluminosilicate  is 
shown  in  figure  48,  plate  5.  Kyanite,  partly 
converted  into  sillimanite,  is  separated  from 
surrounding  biotite  by  a  reaction  rim  that 
is  mainly  cordierite  on  one  side,  mainly 
muscovite  on  the  other.  The  requisite  re- 
action leading  to  this  phase  assemblage  has 
been  expressed  by  MacKenzie  (1959)  as 
follows : 

Kyanite  +  biotite  +  quartz  — > 

cordierite  +  muscovite     (5) 

It  appears  from  the  partial  conversion  of 
kyanite  into  sillimanite  that  kyanite  and 
cordierite  are  not  in   stable  equilibrium. 

In  more  complicated  assemblages  garnet 
is  also  involved  in  reactions  to  form  cordi- 
erite. This  can  be  seen  in  figure  49,  plate  6, 
where  each  of  the  numerous  garnets  has 
a  narrow  rim  of  cordierite  separating  it 
from  biotite  and  sillimanite.  On  the  other 
hand,  biotite  and  sillimanite  in  the  absence 
of  garnet  have  not  reacted  to  form  cordi- 
erite, as  was  shown  previously  in  figure  47, 
plate  5.  Figure  50,  plate  6,  illustrates  the 
reaction  leading  to  the  formation  of  cordi- 
erite around  the  corroded  garnet  more 
clearly.  Staining  of  the  thin  section  with 
Na-cobaltinitrite  revealed  that  the  myrme- 
kite-like  "worms"  intergrown  with  the 
cordierite  are  K  feldspars.  Thus  the  reac- 
tion appears  to  be 

Biotite  +  garnet  +  sillimanite  + 
quartz  — >  cordierite  + 

K  feldspar  +  H20     (6) 

The  apparent  failure  of  a  reaction  be- 
tween biotite  and  sillimanite  in  the  absence 
of  garnet  (fig.  49,  pi.  6)  suggests  that  re- 
action 6  precedes  reaction  4  in  meta- 
morphic  grade. 

Another  mechanism  for  the  production 
of  cordierite  at  the  expense  of  garnet  was 
proposed  by  Chinner  (Year  Book  58,  pp. 
112-113)  on  the  basis  of  the  effective  FeO/ 
MgO  ratios  of  the  rock  in  comparison 
with  those  of  the  mineral  phases  garnet, 
biotite,  and  cordierite.  Chinner's  diagrams, 
however,  imply  the  incompatibility  of 
biotite  and  sillimanite  in  the  presence  of 


cordierite  and  do  not  account  for  the  ap- 
pearance of  K  feldspar  as  a  product  of 
biotite  breakdown  as  found  in  the  present 
case.  Thompson  (1957)  proposed  the  re- 
action 

Sillimanite  +  biotite  (  +  quartz  + 
muscovite)  — >  almandine  +  cordierite 

(  +  quartz  +  muscovite)     (7) 

In  addition  to  other  inconsistencies  (in- 
compatibility of  biotite  and  sillimanite; 
production  of  muscovite  instead  of  K  feld- 
spar) this  reaction  does  not  apply  for  the 
present  mineral  assemblage  mainly  because 
it  produces  rather  than  consumes  garnet. 

It  is  evident  from  the  foregoing  discus- 
sion that  the  difficulties  in  unraveling  meta- 
morphic  reactions  increase  with  the  num- 
ber of  phases  involved.  Changes  of  bulk 
composition  over  small  distances  compli- 
cate the  phase  relations  even  more,  par- 
ticularly in  coarse-grained  rocks.  Fre- 
quently chemical  analyses  are  required  of 
the  total  rock  or  of  an  appropriate 
homogeneous  unit  of  the  rock  as  well  as 
of  its  constituent  mineral  phases. 

The  effect  of  oxidation  has  to  be  taken 
into  account  also.  In  figure  51,  plate  7, 
small  amounts  of  magnetite  present  around 
the  cordierite  rims  appear  to  have  formed 
from  the  garnet  concomitantly  with  the 
cordierite.  The  simplest  reaction  involv- 
ing only  the  garnet  of  the  pre-existing 
mineral  assemblage  would  thus  be 

Garnet  +  oxygen  — >  cordierite  + 

magnetite  +  quartz     (8) 

in  which  the  cordierite  produced  contains 
all  the  magnesia  of  the  pre-existing  garnet. 
The  formation  of  a  corona  around  a 
mineral  in  a  rock  is  petrographic  evidence 
for  the  instability  of  this  mineral  with  re- 
spect to  its  particular  chemical  environ- 
ment. Such  instability  has  to  be  assumed 
also  for  the  rock  depicted  in  figure  52,  plate 
7,  in  which  a  sapphirine-bearing  assem- 
blage was  subsequently  penetrated  by  solu- 
tions depositing  K  feldspar  (Cornelius  and 
Dittler,  1929).  Each  sapphirine  crystal  is 
surrounded  by  a  rim  of  cordierite  protect- 
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ing  it  from  the  enclosing  K  feldspar.  As- 
suming a  formula  2MgO,2Ai203*Si02  for 
the  sapphirine,  which  is  reasonably  close  to 
the  formula  llR012Al2CV5Si02  found 
by  Cornelius  and  Dittler  (1929)  as  a  result 
of  chemical  analysis,  the  reaction  of  sap- 
phirine to  form  cordierite  is  simply  an  ad- 
dition of  Si02,  presumably  also  present 
in  the  penetrating  solutions: 

Sapphirine  +  quartz  — »  cordierite     (9) 

A  more  complicated  reaction  is  depicted 
in  figure  53,  plate  8.  Here  the  unreacted 
core  is  a  sillimanite,  which  in  turn  is  a 
pseudomorph  after  kyanite.  It  is  immedi- 
ately surrounded  by  small  grains  of  spinel 
and  then  by  a  broad  rim  of  cordierite, 
which  is  in  contact  with  a  plagioclase- 
quartz  mixture,  possibly  of  later  origin. 
The  cordierite  corona  may  be  due  to  re- 
actions similar  to  those  of  figures  47  and 
48,  plate  5;  figure  50,  plate  6;  and  figure  51, 
plate  7.  What  is  important  is  that  here 
cordierite  and  sillimanite  are  apparently 
not  in  equilibrium  because  of  their  separa- 
tion by  spinels.  It  is  likely  that  the  rela- 
tions shown  in  figure  53,  plate  8,  are  the  re- 
sult of  several  incomplete  reactions,  and 
there  may  also  be  metasomatic  changes  ob- 
scuring the  picture.  However,  problems 
such  as  the  one  presented  here  are  indeed 
amenable  to  experimental  investigations. 

Much  is  yet  to  be  learned  about  meta- 
morphic  reactions  that  produce  cordierite 
in  natural  rocks.  It  is  the  presence  of  non- 
equilibrium  features  in  rocks  that  provides 
clues  to  reactions  leading  to  the  gradual 
local  re-establishment  of  equilibrium. 

Breakdown  Reactions  of  Cordierite 

The  most  widely  known  type  of  altera- 
tion of  natural  cordierites  is  the  so-called 
pinitization.  It  has  been  pointed  out  previ- 
ously (Year  Book  58,  p.  98)  that  pinitiza- 
tion is  often  a  reaction  of  cordierite  to 
form  muscovite  and  chlorite.  The  K20 
involved  in  the  reaction  may  be  derived 
from  penetrating  solutions,  or  it  is  possible 
that  it   originates   from   the  concomitant 


breakdown  of  a  biotite,  thus  reversing  re- 
action 2.  During  the  course  of  this  type  of 
pinitization,  various  stages,  some  of  which 
are  shown  in  figure  54,  plate  8,  can  be 
recognized.  The  isotropic  part  of  the  partly 
altered  cordierite  actually  consists  of  an 
extremely  dense  intergrowth  of  a  1M 
muscovite  and  a  7  A  phase  (aluminous 
serpentine  or  septechlorite) .  The  some- 
what coarser  parts  of  definite  birefringence 
forming  the  outermost  shell  of  the  former 
cordierite,  on  the  other  hand,  contain  nor- 
mal 14  A  chlorites  in  addition  to  2Mi 
muscovite. 

Although  macroscopically  as  well  as 
microscopically  identical  with  the  pinites 
just  described,  others  were  found  by  means 
of  X-ray  studies  to  consist  of  a  mixture  of 
the  two  polymorphs  of  chlorite  and  a  mont- 
morillonite.  Thus  the  breakdown  reaction 
of  cordierite  is 

Cordierite  +  H20  — »  chlorite  + 

montmorillonite     (10) 

which,  according  to  experimental  results 
(Year  Book  57,  pp.  196-197),  takes  place 
at  temperatures  below  about  400 °C.  In 
view  of  the  evident  variability  of  the  miner- 
alogy of  pinites,  this  term  should  be  re- 
served for  alteration  products  of  cordierite 
only  in  a  loose  descriptive  sense.  After 
more  detailed  determinations  the  mineral- 
ogy might  be  more  exactly  specified,  such 
as  14  A  chlorite-2Mi  muscovite  pinite,  etc. 
In  figure  55,  plate  9,  the  breakdown  of 
cordierite  follows  a  still  different  pattern. 
In  addition  to  chlorite  and  small  amounts 
of  a  white  mica-like  material,  kyanite  has 
formed.  This  observation  does  not  neces- 
sarily indicate  that  kyanite  and  cordierite 
may  coexist  in  equilibrium  under  certain 
conditions.  It  appears  possible  that  the 
cordierites  persisted  metastably  into  the 
stability  field  of  kyanite,  where  partial  de- 
composition in  the  outer  zones  of  the 
crystals  took  place.  A  comparison  of  the 
stability  fields  of  kyanite  (Clark,  Year 
Book  59,  pp.  52-55)  and  cordierite  (Year 
Book  58,  fig.  7)  shows  that  this  type  of  de- 
composition is  not  necessarily  connected 
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with  a  pressure  increase  but  can  take  place 
isobarically  at  pressures  between  about 
7000  and  10,000  bars,  with  decreasing  tem- 
perature. The  fact  that  kyanite  rather  than 
muscovite  is  formed  from  the  cordierite 
may  indicate  a  deficiency  of  K2O  or  water 
or  both  in  the  environment,  but  certainly 
requires  relatively  high  confining  pressures. 

Cordierite  Assemblages 

Because  of  its  central  location  in  the  sys- 
tems MgO-Al203-Si02  and  FeO-Al203- 
Si02,  which  contain  the  most  common 
components  present  in  natural  rocks,  cordi- 
erite can  occur  in  stable  assemblages  with 
a  great  variety  of  mineral  phases  ranging 
from  felsic  to  mafic  members.  From  the 
work  in  synthetic  systems  it  is  known  that 
cordierite  can  coexist  stably  with  quartz, 
feldspars,  orthopyroxenes,  olivine,  certain 
amphiboles,  most  aluminosilicates,  spinel, 
sapphirine,  certain  garnets,  micas,  tourma- 
line, etc.  Other  assemblages  found  in 
natural  rocks  include  minerals  like  stauro- 
lite,  chloritoid,  and  corundum.  Their 
stable  coexistence  with  cordierite  has  not 
yet  been  confirmed  experimentally. 

A  particularly  intriguing  problem  is  pre- 
sented by  the  corundum-cordierite  assem- 
blage (fig.  56,  pi.  9),  which  is  forbidden  in 
the  systems  MgO-Al203-Si02  and  FeO- 


Al203-Si02  at  liquidus  temperatures  at  1 
atmosphere  because  of  the  join  mullite- 
spinel.  Because  of  the  sluggish  reaction  be- 
havior of  corundum  it  may  persist  meta- 
stably  in  direct  contact  with  a  phase  with 
which  it  is  not  in  equilibrium.  On  the 
other  hand,  it  is  also  possible  that  under 
certain  conditions  a  cordierite-corundum 
join  replaces  stably  the  join  spinel-alumino- 
silicate.  The  apparent  corrosion  of  corun- 
dum in  figure  56  does  not  necessarily  indi- 
cate that  it  is  not  in  phase  equilibrium 
with  its  immediate  vicinity.  If  corundum 
were  not  in  equilibrium  with  cordierite 
we  should  expect  the  two  phases  to  be 
separated  by  coronas  of,  for  instance,  spinel 
and  sillimanite. 

There  are  also  phases  that  can  never  be 
in  stable  coexistence  with  cordierite,  e.g., 
wollastonite  (CaSi03).  Cordierite  should 
always  be  protected  from  this  phase  by 
anorthite-pyroxene  assemblages. 

The  few  examples  presented  here  are 
only  a  small  part  of  the  available  petro- 
graphic  knowledge  about  cordierite.  Con- 
siderable help  in  collecting  data  and  ma- 
terial has  been  obtained  from  geologists 
over  the  world,  and  further  contributions 
of  thin  sections  or  specimens  are  invited. 
Ultimately,  an  atlas  may  be  prepared  relat- 
ing the  petrographic  and  experimental  ob- 
servations on  cordierite. 


Fe-Al  AND  Fe-Ti  SPINELS  AND  RELATED  OXIDES 
A.  C.  Turnoc\  and  D.  H.  Lindsley 

Minerals  of  the  spinel  group  (AB204)  the  spinel  structure  (Boyd,  Year  Book  59, 

are  widespread  as  accessory  constituents  of  p.  48) .  Considering  this  and  other  phase 

the  rocks  of  the  earths  crust,  and  in  several  transitions,  the  density  of  the  spinel  struc- 

localities  spinel-rich  rocks  are  of  economic  ture,  and  geophysical  evidence,  Ringwood 

importance.    Recent    researches    into   the  (1958r)  theorizes  that  spinel  is  the  single 


composition  of  the  earth  have  focused 
new  interest  on  the  phase  relations  of  the 
spinels. 

The  crystal  structure  of  spinel  is  a  frame- 
work of  cubic  close-packed  oxygen  atoms, 
which  can  accommodate  many  cations  in 
the  interstices.  Following  the  suggestion  of 
Ringwood  (1958#,  b),  it  has  been  demon- 
strated that  the  common  silicate  mineral 
olivine  has  a  high-pressure  polymorph  with 


crystalline  component  of  the  lower  mantle. 
He  suggests  that  even  coesite,  the  high- 
pressure  form  of  silica,  can  go  into  solid 
solution  in  spinel  at  the  high  pressures  and 
temperatures  of  depths  900  to  2900  km. 

In  the  study  of  iron  spinels,  controlled 
synthesis  in  the  temperature  range  500°  to 
900  °C  is  made  possible  by  a  buffered  hy- 
drothermal  technique.  By  this  method,  the 
reaction   surfaces  that  limit  the  stability 
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of  the  Fe-Al  spinels  in  terms  of  the  varia- 
bles oxygen  fugacity,  temperature,  and 
composition  have  been  located. 

The  experimental  technique  of  buffering 
hydrogen  and  oxygen  fugacities  within 
hydrothermal  pressure  vessels  was  devel- 
oped at  the  Geophysical  Laboratory  by 
Eugster  (1957;  see  also  Eugster,  1959,  and 
Eugster  and  Wones,  1962).  The  buffer 
method  depends  on  the  diffusion  of  hydro- 
gen through  the  wall  of  the  charge  con- 
tainer, and  the  permeability  of  platinum 
to  hydrogen  makes  it  the  best  material  in 
this  regard.  Unfortunately,  alloying  be- 
tween platinum  and  iron  at  low  oxygen 
fugacities  results  in  loss  of  iron  from  the 
charge.  Silver  is  now  being  used  for  con- 
tainers at  low  oxygen  fugacities,  as  silver 
and  iron  are  immiscible  in  the  temperature 
range  involved.  Quantitative  data  are  not 
available  on  the  rate  of  diffusion  of  hydro- 
gen through  silver,  although  it  is  definitely 
smaller  than  that  for  platinum.  It  has  been 
demonstrated,  however,  that  hydrogen  dif- 
fusion through  silver  containers  with 
0.4-mm-thick  walls  is  sufficiently  great  to 
equilibrate  oxygen  fugacities  at  tempera- 
tures down  to  620  °C  (see  discussion  in  next 
paragraph  and  fig.  57).  Containers  with 
0.1-mm  walls  appear  satisfactory  down  to 
500  °C.  For  oxygen  fugacities  at  and 
greater  than  those  of  the  nickel  +  nickel 
oxide  buffer,  the  affinity  of  iron  for  plati- 
num becomes  negligibly  small.  Accord- 
ingly, platinum  containers  are  still  being 
used  with  nickel  +  nickel  oxide,  magnet- 
ite +  hematite,  and  copper  +  cuprite  buf- 
fers to  facilitate  hydrogen  diffusion  under 
the  correspondingly  low  hydrogen  fugac- 
ities. 

Many  of  the  phase  equilibria  in  the  sys- 
tems FeO-Fe203-Al203  were  discussed  in 
a  previous  report  (Year  Book  58,  pp.  134— 
137).  More  experiments  have  successfully 
related  compositions  of  magnetite-hercy- 
nite  solid  solutions  (Fe-Al  spinels)  to  the 
oxygen  fugacity  of  several  buffers,  so  that 
this  variable  can  be  included  in  phase  dia- 


grams. A  description  of  this  system  is  now 
prepared  for  publication. 

Figure  57  illustrates  the  successful  re- 
versal of  a  relatively  sluggish  oxidation- 
reduction  reaction,  at  temperatures  down 
to  620 °C.   The  reaction  is 

hercynitess  A  +  AI2O3  = 

hercynitess  B  +  02 

(ss,  solid  solution).  The  length  of  the 
arrows  shows  the  amount  of  change  of 
composition    of    ferrian    hercynite    as    it 
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Fig.  57.  Graphical  representation  of  experi- 
ments that  showed  a  change  in  composition  of 
ferrian  hercynite  as  a  reaction  to  the  conditions: 
temperature,  as  graphed,  and  oxygen  fugacity 
(/o  )  fixed  by  the  buffering  action  of  the  three 

invariant  assemblages  as  marked.  The  composi- 
tion of  hercynite  solid  solution  (Hcss)  is  given 
in  terms  of  weight  per  cent  Fe304  in  solid  solu- 
tion. The  equilibrium  compositions  bracketed 
by  the  experiments  fall  on  nearly  vertical  curves. 
Two  of  these  curves  intersect  the  magnetite- 
hercynite  solvus,  labeled  Hcss  (Mtss),  part  of 
which  is  marked  in  the  diagram.  This  solvus 
was  determined  previously  (Year  Book  58,  p. 
135).   Cor,  corundum. 

changes  toward  the  composition  that  can 
coexist  with  corundum  in  equilibrium  with 
the  oxygen  fugacity  of  the  particular  buffer 
used.  These  hercynite  equilibrium  compo- 
sitions are  bracketed  at  various  tempera- 
tures at  the  oxygen  fugacities  of  the  three 
buffers,  marked  in  the  diagram  by  a  dotted 
line,  dash-dot-dot,  and  a  broken  line,  re- 
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spectively.  The  nearly  vertical  orientation 
of  these  lines  does  not  mean  that  the  re- 
actions are  independent  of  temperature, 
but  that  the  oxygen  pressures  for  these 
compositions  have  the  same  relationship 
to  temperature  (parallel  curves  in  /o2  versus 
T  space)  as  the  buffer  reactions. 

The  intersections  of  two  of  these  lines 
with  the  magnetite-hercynite  solvus  are 
marked  in  figure  57.  These  intersections 
are  the  lowest  temperatures  at  which 
hercynite  can  coexist  with  magnetite  for 
that  oxygen  fugacity. 

The  information  contained  in  figure  57, 
plus  other  data  on  univariant  compositions 
in  the  system  FeO-Fe203-Al2C>3,  can  be 
used  to  construct  /o2  versus  X  diagrams. 
Figure  58,  for  the  Fe304-FeAl204  join, 
shows  the  stability  range  of  each  spinel  solid 
solution  in  terms  of  the  oxygen  fugacity. 
The  large  range  of  magnetite  contrasts  with 
the  limited  conditions  of  stability  for  the 
end-member  hercynite.  The  conditions  un- 
der which  the  solvus  pair  may  coexist,  and 
also  the  relative  positions  of  two  other  uni- 
variant points,  can  be  seen  in  these  sections. 

The  curves  in  figure  58  can  be  extended 
as  surfaces  into  fo2-T-X  space,  and  a  repre- 
sentation of  these  surfaces  illustrates  the 
effect  of  the  three  variables  on  the  reactions 
that  limit  the  stability  of  the  spinel  series. 
Figure  59  is  a  projection  of  these  surfaces 
onto  an  /o2-T  plane. 

In  figure  59  the  projections  of  two  sur- 
faces are  shown  by  contour  lines  at  every 
10  mole  per  cent  FeAl2C>4  across  the  mag- 
netite-hercynite solid  solution  series.  The 
location  of  these  contour  lines  was  derived 
from  the  isothermal  sections  in  figure  58. 
The  upper  surface  "Spss  (Cor,V)"  starts 
at  the  top  curve  "Fe2C>3  +  FesCh"  and  goes 
down  to  the  bottom  curve  "FeAl2C>4  + 
Fe  +  Al203."  The  composition  contour 
lines  converge  upon  the  heavy  line  "Mtss  + 
Hess  +  Cor,"  which  is  the  maximum  oxy- 
gen fugacity  limit  of  the  solvus. 

The  lower  surface  has  two  parts,  "Spss 


(Wus,V)"and"Spss  (Fe,V)."  Their  junc- 
tion line  coincides  in  projection  with  the 
binary  curve  "Fei-X)  +  Fe."  The  lower 
surface  starts  at  the  curve  "Fe304  + 
Fei-X)"  above  570  °C  and  at  the  curve 
"Fe3C>4  +  Fe"  below  570  °C,  and  goes 
down  to  the  bottom  curve.  The  contour 
lines  on  this  surface  come  together  at  the 
heavy  line  that  represents  the  minimum 
oxygen  fugacity  limit  of  the  solvus.  This 
line  has  two  parts,  "Mtss  +  Hcss  +  Fe" 
and  Mtss  +  Hcss  +  Wus,"  which  meet  at 
the  ternary  invariant  point  (I.  P.). 

Experimental  results  in  the  system  FeO- 
Fe2C>3-Al203  are  summarized  in  figure  60 
in  a  series  of  isothermal  sections  of  phase 
relationships.  These  sections  are  isobaric 
for  confining  pressure  (Ptotai),  but  not  for 
oxygen  pressure  (or  fugacity,  /o2),  which 
is  related  to  the  composition  of  the  solids 
and  therefore  varies  across  each  section. 
In  fact,  the  tie  lines  are  also  projections  of 
isobars  in  /o2  versus  T  space,  and  they  can 
therefore  be  marked,  like  contour  lines, 
with  values  of  oxygen  fugacity.  These 
small  numbers  are  —log  /o2  values. 

The  system  Fe-0-Ti02  includes  the 
magnetite-ulvospinel  series  (Fe-Ti  spi- 
nels), the  hematite-ilmenite  series,  the 
pseudobrookite-FeO  •  2Ti02  series,  and  the 
polymorphs  rutile,  anatase,  and  brookite. 
Despite  its  fundamental  importance  to 
petrology  and  rock  magnetism,  very  few 
quantitative  data  are  available  on  the  sub- 
solidus  phase  relations  in  this  system.  Re- 
action rates  between  the  oxides  in  evacu- 
ated tubes  and  controlled  atmospheres  are 
satisfactory  at  and  above  about  900 °C.  At 
lower  temperatures,  the  hydrothermal 
method  provides  a  fluid  phase  to  accelerate 
reaction;  this  technique  may  permit  loca- 
tion of  the  magnetite-ulvospinel  solvus, 
whose  peak  is  apparently  below  600  °C. 
The  use  of  oxygen  buffers  is  yielding  data 
on  the  subsystem  magnetite-ulvospinel- 
ilmenite,  in  which  the  subsolidus  phase  re- 
lationships are  critically  dependent  on 
oxygen  fugacity. 
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Fig.  59.  Projection  of  two  reaction  surfaces  onto  /0  -T  plane.  Contour  lines  are  at  compositions 
of  magnetite-hercynite  solid  solutions  at  every  10  mole  per  cent  FeAl204.  The  uppermost  surface 
represents  spinel  solid  solutions  plus  corundum;  the  lower  surface,  spinel  solid  solutions  plus  wiistite 
or  iron.  Abbreviations  as  in  figure  58. 
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NUMERICAL  PETROGRAPHY 


F.  Chayes 


Closed  Tables 


The  importance  of  the  distinction  be- 
tween "open"  and  "closed"  data  is  per- 
haps best  described  in  terms  of  the  proper- 
ties of  a  synthetic  variable  we  are  almost 
always  at  liberty  to  construct,  but  in  which 
we  ordinarily  have  very  little  interest.  If 
we  have,  or  plan  to  make,  measurements  of 
each  of  M  variables  in  every  item  of  a 
sample,  we  may  define  a  new  variable, 


T 


M 


and  each  item  in  the  sample  provides  us 
with  an  estimate  of  T.  If  the  variance  of 
T  is  zero  (or  negligibly  small)  the  data 
are  in  closed  form. 

At  any  particular  time  the  chemical  or 
modal  composition  of  any  unit  volume  of 
the  lithosphere  is  subject  to  the  restriction 
of  a  constant  item-sum.  It  is  a  large  part 
of  the  business  of  descriptive  petrography 
to  reach  sound  inferences  about  composi- 
tional relations  between  such  unit  volumes. 
To  the  extent  that  this  is  so,  the  statistics 
of  descriptive  petrography  are  closed  be- 
cause cloture  is  a  property  of  the  relevant 
parameters  in  the  lithosphere  from  which 
we  take  our  samples. 

If  we  believe  that  we  are  dealing  with  a 
strict  functional  relationship,  as  in  experi- 
mental petrology  and  phase-equilibrium 
studies  in  general,  the  restrictions  implied 
by  cloture  may  be  interesting,  amusing, 
or  useful,  but  they  are  rarely  critical.  When 
we  wish  to  decide  whether  composition 
data  from  a  collection  of  specimens  sup- 
ports or  fails  to  support  the  inference  of 
nonrandom  association  between  pairs  of 
the  variables  concerned,  however,  our  posi- 
tion is  quite  different.  Because  of  cloture 
the  number  of  associations  we  can  mean- 
ingfully test  is  far  less  than  the  total  pro- 
vided by  the  array,  and  instead  of  de- 
termining the  significance  of  observed 
departures  from  random  association  by 
testing  any  sample  correlation   against  a 


parent  correlation  of  p  =  0  we  have  to 
derive  a  value  of  p  appropriate  to  the  par- 
ticular array  and  comparison.  In  short, 
cloture  introduces  restrictions  on  and  in- 
terrelations between  sample  statistics  which 
considerably  complicate  the  superficially 
simple  interpretive  problems  of  naturalistic 
petrology.  The  subject  is  under  continuing 
study.  Some  of  the  more  recent  results  are 
reported  here. 

The  number  of  independent  comparisons 
in  a  closed  array.  In  chemical  petrography 
it  is  customary  to  plot  composition  varia- 
bles against  each  other  and  interpret  the 
resulting  trends  as  if  the  original  variables 
were  free  to  vary  in  any  way  whatever; 
that  they  do  indeed  seem  to  vary  in  some 
systematic  fashion  is  then  taken  as  indica- 
tive of  a  significant  genetic  relation,  and, 
in  general,  as  many  of  these  may  be  an- 
nounced from  a  particular  body  of  data 
as  the  petrographer  is  able  to  find  or  will- 
ing to  imagine. 

Since  the  variables  are  subject  to  the 
restriction  of  a  constant  item-sum,  their 
means,  variances,  and  covariances  are  in 
fact  far  from  independent.  The  lack  of 
independence  of  means  is  both  obvious  and 
trivial,  for  if  there  are  M  variables  in  a 
closed  array  it  is  clear  that 


xi  =  K 


M 


s 


Xj 


The  less  obvious  but  equally  important 
restriction  on  variances,  described  in  last 
year's  report,  is  most  simply  expressed  as 
an  inequality  affecting  the  standard  devia- 
tions, viz., 

M 
2 

Thus  if  (M  —  1)  of  the  variances  are 
known,  the  Mth  variance  is  not  fixed,  as 
with  the  means,  but  its  range  is  specified. 
If,  for  instance,  standard  deviations  of  5, 
2,  and  1  are  attached  to  variables  Xi,  X2, 
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X3   of   a    four-variable   closed   array,   the 
standard  deviation  of  X4  cannot  be  less 
than  2  or  more  than  8.  In  open  data  there 
is  of  course  no  such  restriction. 
This  limiting  case,  in  which 

M 

Oi  ==    /  j  Oj 

2 

is  of  considerable  interest  in  its  own  right. 
Whatever  the  standard  deviations,  it  will 
be  true  in  any  possible  closed  array  that 


M 


Ox 


+  Sw  =  0       O'^O      W 


;=1 


termine  how  many  of  these  are  actually 
independent,  for  only  this  many  can  be 
meaningfully  tested. 

If  the  variances  are  known  or  assumed, 
reasonable  and  verifiable  expectations  for 
the  covariances  can  be  calculated  under 
some  circumstances;  without  such  knowl- 
edge or  assumption  there  seems  to  be  no 
way  to  do  this.  Each  line  of  the  covariance 
matrix  sums  to  zero,  so  that,  the  variances 
being  known  or  assumed,  some  one  of  the 
correlations  in  each  line  may  be  obtained 
by  difference.  There  being  M  lines  in  the 
matrix,  only 


If 


M 


2 


-CO 


-M 


M(M  -  3) 


it  follows  at  once  that  pi/  =  —1  for  2  — 
7  —  M;  that  is  to  say,  there  is  perfect  nega- 
tive correlation  between  the  variable  of 
maximum  variance  and  each  of  the  other 
variables.  It  may  also  be  shown  that  there 
will  then  be  perfect  positive  correlation  be- 
tween all  the  other  variables.  Returning 
to  our  example,  in  which,  necessarily, 
2  —  04  —  8,  we  note  that  the  position  of  04 
in  this  range  influences  not  only  correla- 
tions involving  X4,  which  is  perhaps  in- 
tuitively reasonable,  but  also  P12  and  P13. 
If,  for  instance,  04  =  8,  both  these  correla- 
tions will  be  +1;  if  o4  =  2,  both  will 
be  -1. 

The  limiting  values  of  d  create  a  rather 
artificial  situation,  relations  between  the 
variances  then  being  such  as  to  put  the 
covariances  in  a  strait-jacket.  Commonly 
we  shall  have 


of  the  correlations  are  independent.  Thus 
if  M  =  3,  for  instance,  C  =  0,  and  none  of 
the  correlations  is  independent;  in  fact  the 
correlations,  regressions,  and  residual  vari- 
ances in  a  ternary  array  can  all  be  calcu- 
lated directly  from  the  variances.  This 
interesting  relation  is  discussed  in  detail  in 
the  next  section. 

Now,  although  the  quantity  C  defines 
the  size  of  the  independent  set,  it  does  not 
tell  us  how  to  select  such  a  set,  and  it  is 
easy  to  show  that  not  all  sets  of  C  covari- 
ances will  do.  If  we  define  as  independent 
any  set  from  which,  together  with  the 
variances,  the  remaining  covariances  can 
be  obtained  additively,  an  independent  set 
must  contain 


(M- 

•2) 

covariances  of 

Xi 

(M- 

•3) 

additional  covari- 

ances of 

X, 

M 

Oi<<  2j  Oj 


/ 


x( 


Jf-3) 


and  if  no  one  of  the  standard  deviations 
is  equal  to  the  sum  of  the  others  the 
product    moment    correlations     may     of 

course  vary  considerably.  (  9  )  correla- 
tions may  be  computed  from  any  M-varia- 
ble  closed  array,  and  it  is  essential  to  de- 


the  selection  continuing  until  the  set  con- 
tains C  covariances. 

If  M  =  4,  for  instance,  C  =  2,  and  any 
pair  of  covariances  with  a  subscript  in  com- 
mon is  an  independent  set.  Given  the  four 
variances,  the  "information"  about  covari- 
ance in  such  an  array  is  contained  in  the 
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two  covariances  of  any  independent  set. 
If  we  apply  appropriate  significance  tests 
to  these  two  covariances,  we  may  not  apply 
them  to  any  of  the  other  four. 

If  M  =  5,  any  set  containing  three  co- 
variances  of  one  variable  and  two  addi- 
tional covariances  of  another  will  be  inde- 
pendent. This  is  essentially  the  situation 
with  regard  to  plots  of  AI2O3,  Fe2Os,  MgO, 
and  CaO  against  Si02  as  independent 
variable.  These  are  the  principal  negative 
regressions  of  the  well  known  Harker  vari- 
ation diagram,  which  is  discussed  in  a 
separate  section  of  this  report.  Any  three 
of  these  correlations  may  be  taken  as 
independent,  and  so  also  may  any  two  of 
the  six  correlations  between  Al203,  Fe203, 
MgO,  and  CaO.  But  that  is  about  all.  In 
any  real  Harker  array,  of  course,  the  in- 
dependence relation  will  be  approximate 
rather  than  exact,  the  degree  of  approxima- 
tion being  controlled  by  variables — chiefly 
alkalies  and  titania — whose  variances  are 
so  small  that  cloture  does  not  materially 
affect  their  covariances  with  silica. 

Linear  regression  in  the  ternary  dia- 
gram. The  ternary  diagram  is  of  con- 
siderable importance  in  petrology,  often 
serving  as  a  link  between  the  experimental 
and  naturalistic  branches  of  the  subject. 
It  is  frequently  supposed  that  curves 
drawn  in  ternary  diagrams  reveal  funda- 
mental genetic  relations  between  the  varia- 
bles concerned,  and  perhaps  sometimes 
they  do.  Both  the  linear  regressions  be- 
tween such  variables  and  the  goodness  of 
fit  of  the  data  to  them,  however,  are  en- 
tirely implicit  in  the  sample  variances.  This 
follows  at  once  from  certain  properties  of 
ternary  closed  arrays,  described  briefly  in 
last  year's  report.  In  particular,  if  variables 
i,  j,  and  ^  have  standard  deviations  of,  of, 
Ok2,  respectively,  the  product  moment  cor- 
relation coefficient  is 


pij 


\_01f_ 

2  " 


Oi 


or 


OiOj 


(2) 


in  which  subscripts  may  be  rotated.  Ordi- 
narily a  measure  of  covariance,  p,  in  this 
particular  situation,  may  be  obtained  di- 


rectly from  the  variances.  It  may  be  in- 
ferred from  this  that  the  covariance  is  also 
a  function  of  the  variances,  and  in  fact 

pij  =  OiOjptj  =  (0&2  -  of  -  of) jl        (3) 
The  regression  coefficient  is  accordingly 
bij  =  pij/of 

=  (ofc2  -  or"  -  of)/2of  (4) 

so  that  the  equation  of  Xi  against  Xj  as 
independent  variable  is 

Xi  =  ~xi  +  (oi2  —  or  —  of) 

(Xj  -  x,)l2of-       (5) 

with  analogous  relations  for  other  pairs  of 
variables. 

Finally,  the  residual  variance,  or  pro- 
portion of  o2  which  is  not  expressed  by 
equation  4,  is  simply 

1  —  pi2  =  [2{o2of  +  ocok   +  ofok2)  — 


(of+of  +  cfc4)]/4ciV 


(6) 


and  this  is  the  customary  measure  of  lack 
of  agreement  between  the  data  and  the 
line  of  best  fit. 

Rotation  of  subscripts  in  equation  6 
affects  only  the  denominator,  so  that,  in 
general,  if  o%  >  0/  >  Ok  the  best  linear 
fit  will  be  between  Xi  and  Xj,  and  the 
worst  between  Xj  and  Xk.  The  only  ex- 
ception to  this  rule  occurs  when,  as  already 
noted,  some  one  of  the  standard  deviations 
is  exactly  equal  to  the  sum  of  the  other 
two,  so  that  the  numerator  of  equation  6 
vanishes.  In  this  case  two  of  the  p's  will 
equal  —1  and  the  third  +1.  In  fact,  for 
any  number  of  points  distributed  in  any 
density  exactly  along  any  straight  line  in 
a  ternary  diagram,  the  sample  standard 
deviations  will  be  such  that  some  one  is 
exactly  equal  to  the  sum  of  the  other  two, 
and  for  points  lying  nearly  along  any 
straight  line  this  will  be  approximately 
true. 

Thus  all  the  relations  that  are  ordinarily 
governed  by  and  interpreted  in  terms  of 
covariance  can  be  obtained  exactly  from 
the  variances  alone.  If  the  decision  to  use 
the  ternary  diagram  were  made  without 
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reference  to  the  sample  variances  it  might 
still  be  argued  that  this  curious  dependence 
of  covariance  on  variance,  however  interest- 
ing, was  inconsequential.  Although  vari- 
ance as  such  is  rarely  used  directly — indeed, 
it  is  rarely  even  calculated — the  specifica- 
tion of  range  is  critical  in  almost  every 
chemical  or  mineralogical  classification  of 
rocks.  And  in  many  practical  situations  a 
strong  dependence  of  variance  on  range  is 
expectable.  Anyone  who  wants  to  persuade 
himself  that  this  is  true  in  chemical  petrog- 
raphy need  only  spend  a  few  hours  examin- 
ing some  collection  of  rock  analyses.  In 
the  plotting  of  analyses  culled  from  the 
literature  it  can  hardly  be  seriously  main- 
tained that  variance  has  neither  influenced 
nor  been '  influenced  by  the  sampling 
process.  Many  of  the  alleged  ternary 
"trends"  turned  up  by  such  studies  are 
probably  best  regarded  as  complicated  and 
camouflaged  statements  of  variance  rela- 
tions largely  controlled  by  the  criteria  set 
up  in  the  sampling  plan. 

Correlation  in  a  closed  array;  the  Harder 
diagram.  If  some  one  of  the  variances 
differs  from  the  others,  e.g.,  017^02 
=  03=  *  *  •  =  om  =0j,  equation  1  takes 
the  form 


another  order  less.  Given  one  variable  of 
variance  Oi2,  /  variables  of  variance  o;-2, 
and  K  =  M  —  (/  +  1)   variables  of  vari- 
ance ok2,  equation  7  becomes 
/+i  m 

ci  +  oj2j  ru  +  Ok  2j  rik  ~  0    (9) 

which,  by  definition,  may  be  written 

d  +  JoiEffu)  +  KokE(rlk)  =  0         (10) 

even  though  we  may  be  unable  to  derive 
exact  values  for  either  expectation.  It  is 
obvious,  however,  that,  if  (/o/  —  01)  > 
Kok,  equation  6  can  be  satisfied  whatever 
the  size  and  sign  of  E(rik) .  In  this  event 
cloture  itself  exerts  no  necessary  influence 
on  E(rik),  which  may  be  taken  as  zero 
in  significance  testing,  exactly  as  in  ordi- 
nary open  data,  the  error  being  small  as 
long  as  (Jcj  —  Oi)  —  Kok  is  large.  But 
if  in  fact  E(rik)  were  zero  we  would  have 
at  once  from  equation  10  that 


%)  =  7 


°1 

Oj 


Ox 


oj(l  -  M') 


(11) 


so 


that 


M 

Oi  +  Oj  /  j  nj 
7=2 


0 


E(rij)  = 


Oi 


Cy(l  -  M) 


(7) 


(8) 


A  slight  modification  of  the  right  side  of 
equation  8  will  often  provide  an  appro- 
priate nul  value  against  which  to  test  the 
significance  of  the  principal  negative  cor- 
relations of  the  well  known  Harker  dia- 
gram, in  which  each  of  the  other  essential 
oxides  is  plotted  against  Si02  as  inde- 
pendent variable.  In  most  groups  of 
analyses  subjected  to  this  type  of  graphical 
examination  Si02  is  exceedingly  variable; 
the  variances  of  Fe203,  AI2O3,  MgO,  FeO, 
and  CaO  are  less  than  the  variance  of  Si02 
by  approximately  an  order  of  magnitude; 
and  those  of  Na20,  K20,  and  Ti02  are  still 


where  M'  =  (/  +  1).  The  analogy  with 
equation  8  is  obvious.  This  new  relation, 
however,  is  not  exact.  If  Kok  <  <  oy,  no  re- 
lation between  Xi  and  any  of  the  Xk  can 
seriously  influence  the  nul  value  of  ny. 
But  if  Oj  <  Kok  <  Joj  some  distortion  of 
E(rij)  is  to  be  expected  as  a  consequence  of 
departures  from  randomness  among  the 
rik. 

In  actual  practice  correlations  of  silica 
with  oxides  of  the  K  group  may  be  positive 
or  negative  but  those  between  silica  and 
oxides  of  the  /  group  are  invariably,  and 
usually  strongly,  negative.  Since  we  are 
working  with  assumed  variances  we  may 
multiply  both  sides  of  equation  11  by 
Oj/oi  to  obtain 

E(bn)  =  1/(1  -  M')  (12) 

as  the  average  value  of  the  slope  of  the 
regressions  of  oxides  of  group  /  against 
silica.  Examination  of  a  number  of  pub- 
lished diagrams  indicates  that  this  is  a 
quite  realistic  estimate.   The  slope  of  the 
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regression  lines  thus  appears  to  be  strongly 
influenced  by  variance. 

A  surprising  property  of  Harker  dia- 
grams, and  probably  the  most  important 
reason  for  their  widespread  use,  is  just  that 
the  data  points  ordinarily  do  lie  so  close 
to  the  lines  passed  through  them.  It  is 
obvious  from  equation  11,  however,  that 
\E(ry)  |  must  increase  with  increase  in 
Oi/oy,  and  in  fact  the  excess  of  Oi  over 
Cj  is  ordinarily  large  enough  to  impose 
strong  negative  correlation  between  Si02 
and  the  group  /  oxides.  The  inevitable 
consequence  of  this  is  that  the  data  points 
must  lie  near  the  lines  of  best  fit. 

The  Harker  diagram  is  commonly  used 
as  if  it  conveys  information  and  justifies 
inferences  about  covariance.  As  in  the 
ternary  diagram,  however,  though  to  a 
somewhat  lesser  extent,  the  covariances  it 
exhibits  are  powerfully  influenced  by  the 
variances.  Unless  we  can  be  sure  that  the 
sampling  process  itself  does  not  restrict  or 
control  the  variances,  therefore,  what  we 
learn  from  a  Harker  diagram  is  essentially 
tautological.  The  covariances  of  oxides 
found  in  specimens  of  a  particular  lava 
flow  or  series  of  flows,  for  instance,  would 
appear  to  be  a  quite  legitimate  subject  for 
inquiry.  The  covariances  of  oxides  in  a 
suite  of  analyses  found  in  certain  groups 
and  subgroups  of  a  table,  on  the  other 
hand,  may  reflect  nothing  more  than  the 
ranges  specified  by  the  classification  used 
in  constructing  the  table.  The  first  may  pro- 
vide new  information  well  worth  having; 
the  second  can  only  provide  information 
we  already  have,  information  about  the 
way  in  which  we  look  at  rocks  rather  than 
information  about  the  rocks   themselves. 

Correlation  in  a  closed  array;  a  general 
model  with  two  levels  of  variance.  If  there 
are  /  variables  of  variance  o/  and  K  varia- 
bles of  variance  Ok2>  the  fundamental 
cloture  relation,  equation  1,  takes  the  form 

°i  +  (/  —  l)oiP#  +  Kokpjk  —  0        (13) 
Ok  +  Jojpjk  +  (K  —  VjOkPkk  =  0      (14) 

where  pa  denotes  a  correlation  between 
any  two  members  of  group  /  and  pkk  a 


correlation  between  any  two  members  of 
group  K. 

If  either  /  or  K  is  1  the  array  degenerates 
into  an  assemblage  with  one  variable  of 
unique  and  either  K  or  /  variables  of  com- 
mon variance.  If,  for  instance,  K  =  1,  we 
have  from   equation  14  that 

pjk  =  —Ok/foj  (15) 

and,  substituting  this  in  equation  13, 


'"-rhb-w] 


(16) 


This  is  an  extremely  important  model 
for  chemical  petrography.  It  is  in  fact  the 
arrangement  used  to  introduce  the  Harker 
model  in  the  preceding  section;  equation 
15  is  just  equation  8  with  Oi  =  Ok  and 
(M  -  1)  -  /. 

If,  in  addition  to  K  =  1,  we  set  /  =  2, 
the  result  is  a  ternary  array  with  one  unique 
and  two  equal  variances.  Entering  equa- 
tions 13  and  14  with  /  =  2,  K  ==  1,  we  find 

p,7=(cfc2-2c/)/2c/  (17) 

which  is  exactly  analogous  to  equation 
2  with  i  =  j,  as  it  should  be.  Because 
of  the  common  variance,  however,  the 
other  two  correlations  take  the  simple  form 

Pik  —  —Ck/2oj  (18) 

This  again  checks  the  earlier  work,  for, 
if  in  equation  2  we  take  a%  v^  Oj  —  Ok,  we 
obtain  pij  =  —  Oi/2oy. 

The  two-level  model  thus  reduces  readily 
to  the  special  cases  already  derived  and 
discussed.  It  is  of  more  general  interest, 
however,  in  connection  with  arrays  in 
which  both  /  and  K  are  greater  than  1, 
for  this  is  the  situation  most  likely  to  arise 
when,  in  the  examination  of  groups  of 
modal  analyses,  we  are  forced  to  abandon 
the  assumption  of  homogeneous  variance. 
Even  if  /,  K,  cy,  and  Ok  are  assumed,  equa- 
tions 13  and  14  contain  three  unknowns, 
so  that  unique  solution  is  not  possible.  In 
practical  small-sample  work,  however,  we 
shall  rarely  be  able  to  justify  abandoning 
the  assumption  of  homogeneous  variance 
unless  it  appears  that    \oj  —  Ok\  is  really 
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quite  large,  and  when  this  is  so  there  is 
reason  to  suppose  that  numerical  experi- 
mentation might  lead  to,  or  suggest  ways 
of  deriving,  suitable  nul  values  for  p#,  p#, 
and  pkk.  Work  of  this  kind  is  now  in 
progress. 

On  the  testing  of  "trend  surfaces."  The 
contouring  of  variations  in  composition 
over  a  map  area  was  scarcely  practicable 
until  large  numbers  of  analyses  could  be 
obtained  at  reasonable  cost.  In  hard  rock 
petrography  it  seems  to  have  been  intro- 
duced by  E.  H.  T.  Whitten,  using  modal 
analyses  obtained  by  point-counter.  Direct 
contouring  is  of  course  a  more  or  less  sub- 
jective affair,  and  contours  constructed  by 
different  observers  from  the  same  data 
will  almost- certainly  differ  widely  unless 
the  data  are  both  exceedingly  abundant  and 
evenly  distributed  over  the  map  area.  With 
high-speed  computation  it  is  a  relatively 
simple  matter  to  calculate  a  surface  of  "best 
fit"  for  all  but  the  most  unruly  data,  thus 
exhibiting  any  composition  variable  (Yi) 
as  a  function  of  two  topographic  coordi- 
nates (U,  V).  The  equation  of  the  surface 
may  then  be  solved  for  as  many  values  of 
(U,  V)  as  are  necessary  to  reduce  or  elimi- 
nate subjective  decisions  from  the  process 
of  contouring.  Codes  for  this  calculation 
were  prepared  a  number  of  years  ago  by 
W.  C.  Krumbein,  and  have  been  exten- 
sively applied  in  sedimentary  petrography 
by  him  and  his  associates.  Whitten  and 
collaborators  are  now  applying  them,  in 
turn,  to  the  mapping  of  plutonic  rocks  and 
complexes. 

The  development  is  of  considerable 
petrographic  interest.  It  is  quite  true  that 
it  essentially  solves  the  contouring  prob- 
lem, reducing  the  need  for  subjective  deci- 
sions either  as  much  as  may  be  required  or 
as  much  as  may  be  economically  feasible. 
It  is  not  at  all  clear,  however,  just  what  is 
being  contoured.  If  the  correlations  be- 
tween Yi  and  f(U,  V)  are  weak,  the  sur- 
face being  contoured  portrays  a  trend 
which  is  not  realized  in  the  rock,  and  the 
interpretation  centers  on  how  and  why 
this  should  be  so.  It  is  unavoidably  subject 


to  all  the  standard  handicaps  and  ambigui- 
ties that  attend  explanations  of  weak 
multiple  correlations. 

If  the  correlation  between  Y%  and 
f(U ,  V)  is  strong,  however,  the  surface  is 
most  readily  interpreted  as  a  description 
(or  prediction)  of  the  actual  point-to-point 
variation  of  Yi  in  the  rock.  It  is  usually 
in  this  sense  that  surfaces  characterized 
by  low  residual  variance  are  in  fact  in- 
terpreted, and  everything  but  the  algebra 
of  the  following  discussion  applies  only 
to  such  surfaces. 

Appraisal  of  the  reliability  of  an  indi- 
vidual surface  is  both  puzzling  and  im- 
portant: puzzling,  because  even  in  opti- 
mum geological  sampling  the  sample 
points  are  not  likely  to  be  orthogonal  over 
any  considerable  area,  and  it  is  only  for  an 
orthogonal  grid  that  standard  test  pro- 
cedures are  available;  important,  because 
geological  sampling  is  subject  to  the  fur- 
ther complication  that  the  density  of  sam- 
ple sites  usually  varies  widely  within  a 
single  map  area. 

Even  if  residual  variance  is  very  small 
the  quality  of  the  surface  must  vary  with 
the  density  of  the  data  from  which  it  is 
computed.  In  subareas  of  high  sample 
density  a  surface  of  low  residual  variance  is 
certainly  a  good  description  of  the  data 
and  probably  also  a  reliable  estimate  of  the 
parent  surface  generated  by  real  variations 
in  composition.  In  subareas  of  low  sample 
density,  however,  such  a  surface  may  be 
compatible  with  the  data  but  can  hardly 
provide  much  information  about  the  shape 
or  position  of  the  parent  surface;  the  in- 
ferences it  provides  about  the  parent  sur- 
face are  in  fact  much  more  in  the  nature 
of  extrapolation  than  interpolation.  The 
subjectivity  so  neatly  eliminated  from  the 
contouring  process  by  the  calculation  of 
the  trend  surface  returns  to  plague  us  as 
soon  as  we  attempt  to  interpret  the  per- 
fectly objective  contours  it  yields.  What 
we  require  is  some  testing  procedure  with 
which  (1)  to  assign  line  weights  to  the 
contours  in  response  to  fluctuations  in 
sample  density  and  (2)  to  determine  when 
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the  extrapolation  has  become  so  extreme 
that  contouring  should  be  discontinued. 
No  such  procedure  is  now  available.  The 
work  reported  here  records  an  interesting 
failure  to  develop  a  substitute  for  one. 

One  of  the  proposed  advantages  of  the 
trend  surfaces  is  said  to  be  that  they  are 
capable  of  yielding  estimates  of  average 
composition  far  superior  to  those  obtained 
from  random  sampling.  Clearly  this  re- 
quires that  the  ensemble  of  surfaces  pro- 
vide an  aggregate  which  is  at  least  a  pos- 
sible rock,  one  which  fills  but  does  not 
overflow  the  available  volume.  It  would 
seem  that  this  could  in  fact  serve  as  a 
minimum  requirement  for  any  set  of  sur- 
faces interpreted  as  recording  (or  predict- 
ing) the  actual  variation  in  composition 
of  the  real  rock.  Since  the  individual  sur- 
faces are  independently  calculated,  it  ap- 
pears intuitively  reasonable  to  suppose  that 
their  sum  at  any  point  is  subject  to  a 
cumulative  error,  so  that,  even  if  the 
original  array  is  closed  exactly,  the  pre- 
dicted one  should  show  some  departure 
from  cloture  at  any  point  on  the  map 
area.  The  size  of  this  departure  should  be 
at  least  a  general  indication  of  how  realistic 
a  reduction  or  extrapolation  of  the  data 
is  provided  by  the  ensemble  of  surfaces.  In 
the  absence  of  satisfactory  tests  for  the 
individual  surfaces,  it  might  be  pressed  into 
service  in  the  way  proposed  in  the  preced- 
ing paragraph;  one  could  never  by  this 
means  determine  whether  any  particular 
surface  was  worth  contouring,  but  at  least 
one  might  be  reasonably  objective  about 
deciding  whether  or  not  the  whole  suite  of 
surfaces  was  worth  having. 

Unfortunately,  the  sum  across  a  set  of 
composition  trend  surfaces  (of  the  same 
degree)  at  any  point  in  the  map  area  is 
completely  uninformative.  This  lack  of 
information  in  the  predicted  total  of  a  set 
of  completely  independent  calculations 
was  quite  unexpected;  indeed,  it  was  first 
detected  empirically  in  a  set  of  data  loaned 
to  me  by  Dr.  Whitten,  and  seemed  so  in- 
credible as  to  arouse  suspicion  that  some 
one  of  the  surfaces  in  the  set  had  been 


computed  by  difference.10  This  suspicion 
proved  quite  unwarranted;  there  is  in  fact 
no  information  in  the  predicted  total, 
which  is  simply  the  sum  of  the  observed 
averages.  The  explanation  for  this  is  very 
simple,  and  was  readily  found  once  the 
need  for  it  could  no  longer  be  denied. 

The  trend  surface  is  ordinarily  a  poly- 
nomial in  U  and  V,  but  such  an  equation 
may  be  considered  as  a  multivariate  regres- 
sion fitted  to  variables  a,  (3,  y  '  "  W  which 
are  the  required  coefficients  of  UpVq.  The 
original  composition  data  form  a  closed 
array.  Hence,  if  y%  is  the  deviation  (Y%  — 
~yi)  in  any  item,  we  have  that 


M 


2>  =  0 


1=1 


in  every  item,  and  accordingly  that 
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Now  the  first  partial  regression  coefficient 
is 

bVia-p  -   {bVia  -  byfibfSa)/ 

(1  -  bafibfia)  (20) 

and  we  note  that  each  term  of  the  numera- 
tor contains  a  coefficient  of  the  type  de- 
scribed in  equation  19.  Thus  if  the  de- 
nominator does  not  vanish,  i.e.,  if  paj32  <  1, 
we  also  have  that 

M 

^  (****)  =  0  (21) 

1=1 

and  similarly  for  every  set  of  first-order 
partials. 

In  analogous  fashion,  the  second-order 
partial  is 

bVia-py   =   (bVia.p  ~   by^-pbya-p)  / 

(1  —  bay-pbya-p)  (22) 

10  Dr.  Krumbein  informs  me  that  it  was 
noticed  very  early  in  the  development  of  the 
subject  and  has  in  fact  been  used  to  justify  such 
"difference"  computations. 
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and,  as  long  as  pay-p2  <  1,  we  also  have,      way  affected  by  the  size  of  the^  residual 
because  of  equation  21,  that 


2(*n-*7)=0  (23) 


»=i 


variance.  The  sum  across  a  set  of  surfaces 

each  of  which  "accounts"  for  little  or  none 

of  the  observed  variation  will  nevertheless 

yield  at  every  point  a  total  as  "good"  as 

that  of  the  raw  data,  provided  only  that 
Each  partial  of  order  8  being  formed  in      ^   sur£aces   in  question   are   all  0f  the 

similar  fashion  from  the  partials  of  order  co1nri^  A*™** 

/%      i\   •   r  ii  i  i  i  same  aegree. 

(S  -  1),  it  follows  that,  as  long  as  correla-         It  is  sometimes  suggested  that  at  each 

tion  of  all  orders  between  the  independent  stage  o£  the  fitti       only  the  terms  that 

variables  is  less  than  perfect,  the  partials  actually   producc  a  significant  reduction 

o£order(n-    1)  of  the  dependent  variables  in  residual  variance  should  be  retained. 


are  subject  to  the  condition 
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/  j  (bVia-Py  ...  77)    -  0 


(24) 


*=i 


But  these  partials  are  in  fact  the  regres- 
sion coefficients  of  the  polynomials  which 
define  the  empirical  trend  surfaces,  so  that 
in  the  sum  across  a  set  of  surfaces  of  the 
same  degree  at  any  point  on  (or  off)  the 
map  area  they  vanish,  and  we  are  left  with 


M 
1=1 


M 

y, 


(y.)        (25) 


1=1 


This  seems  quite  reasonable  but  leads  to 
still  another  curious  paradox  unless  the 
same  terms  are  dropped  from  each  surface 
or  all  the  ones  that  are  dropped  are  very 
small,  for  otherwise  the  sum  across  the 
set  of  surfaces  whose  equations  contain 
only  terms  actually  effective  in  reducing 
residual  variance  will  be  subject  to  a  larger 
variance  than  the  sum  obtained  from  the 
full  set. 

The  total  across  a  set  of  composition 
trend  surfaces  is  thus  hardly  likely  to  pro- 
vide  grounds    for   deciding   whether    an 


average  value  calculated  from  an  ensemble 

where  yi  is  the  observed  average  value  of  of  surfaces  is  preferable  to  one  calculated 

variable  i.  directly  from  the  raw  data.  Its  properties 

Trend  surface  analysis  evidently  affords  are  determined  not  by  the  peculiarities  of 

such   remarkable  protection   against  bad  any  particular  set  of  data  but  merely  by 

totals  that  good  ones  are  quite  uninforma-  the  fact  that  the  dependent  variables  of 

tive.  Although  the  test  we  have  been  seek-  interest  are  members  of  a  closed  array.  This 

ing  is  intended  for  application  to  sets  of  is  one  of  the  most  indirect  and  unexpected 

surfaces  characterized  by  low  residual  vari-  consequences  of  the  restriction  so  far  en- 

ance,  equations  24  and  25  are  not  in  any  countered. 
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A  Titaniferous  Basalt  from  Pantelleria 

E.  G.  Zies 

Titanium  is  an  essential  and  often  a 
major  constituent  of  basaltic  lavas;  for 
"basalt  as  named  by  authors"  Daly  gives 
an  average  of  139  per  cent,  and  for  "pla- 
teau basalts"  2.19  per  cent,  of  Ti02.  In  the 
calculation  of  normative  parameters  TiC>2 
may  play  a  crucial  role.  An  overestimate 
of  Ti02  will  lead  to  a  norm  showing  too 
little  of  an  excessively  magnesian  olivine, 


too  little  of  an  overly  sodic  plagioclase, 
and  too  much  of  a  pyroxene  that  is  both 
too  rich  in  calcium  and  too  poor  in  ferrous 
oxide.  An  underestimate  of  Ti02  will  have 
exactly  opposite  effects.  This  remarkably 
indirect  propagation  of  error  in  the  de- 
termination of  Ti02  is  well  known;  it 
causes  little  trouble  as  long  as  the  amount 
of  TiC>2  is  sufficiently  small  but  may  be 
critical  when  it  is  not. 

Since  Washington's  work  (1913,  1914), 
superseding  earlier  analyses  in  which  Ti02 
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had  not  even  been  determined,  it  has  been 
apparent  that  the  basalts  of  the  island  o£ 
Pantelleria  are  extraordinarily  rich  in 
titania.  In  the  four  analyses  Washington 
lists,  the  Ti02  content  ranges  from  4.54  to 
6.88  per  cent,  that  is  to  say,  from  more 
than  three  to  almost  five  times  the  Daly 
average  for  "basalt  as  named  by  authors"; 
two  of  the  four  values,  incidentally,  are 
among  the  highest  so  far  recorded  for 
basaltic  lavas.  With  as  much  titanium  as 
this  present,  relative  uncertainty  in  the 
Ti02  determination  that  would  be  toler- 
able or  even  undetectable  under  ordinary 
conditions  may  generate  striking  incon- 
sistencies in  normative  calculations. 

In  view  of  renewed  interest  in  the  Pantel- 
lerian  rocks,  C.  E.  Tilley  suggested  that  at 
least  one  of  these  titaniferous  basalts  be  re- 
analyzed. Fortunately,  the  original  speci- 
mens are  available  for  study  in  the  Petro- 
graphic  Reference  Collection  of  the  U.  S. 
National  Museum.  They  were  examined 
by  Chayes,  who  found  that  P.  R.  C.  2000, 
from  a  small  dike  near  Costa  Zeneti,  was 
the  fresher  of  the  two  exceedingly  titanif- 
erous specimens.  He  reports  that  it  con- 
sists of  "a  few  per  cent  of  phenocrysts  of 
olivine,  pyroxene  and  plagioclase  em- 
bedded in  a  deeply  pigmented  matrix  con- 
taining many  minute  crystals  of  all  three 
species  and  a  generous  sprinkling  of 
opaque  crystallites,  probably  the  'brown 
and  black  globulites'  referred  to  by  Wash- 
ington."   This  specimen  was  reanalyzed. 

A  colorimetric  determination  of  Ti02 
indicated  that  a  large  discrepancy  was  to 
be  expected  for  this  constituent.  Accord- 
ingly, a  thorough  gravimetric  check  was 
undertaken.  Various  members  of  the  R203 
group — namely  total  iron  as  Fe2Os,  Ti02, 
V205,  and  P2Os — were  isolated  separately 
or  in  interdependent  groups  by  means  of 
cupferon  and  the  complexing  agent  tartaric 
acid.  The  A1203  was  obtained,  as  usual, 
by  subtracting  the  weights  of  these  from 
the  weight  of  the  R203  precipitate,  and 
thus  bore  all  the  errors  involved  in  de- 
termining the  other  constituents.  This  po- 


tential error  can  be  greatly  lessened  if  all 
these  constituents  are  first  precipitated  by 
cupferon  in  a  strongly  acid  solution  and 
A1203  together  with  P2Os  is  then  precipi- 
tated in  the  filtrate  after  removal  of  the 
organic  matter.  The  content  of  P2Os  ob- 
tained on  a  separate  sample  was  deducted 
from  the  weight  of  A1203  +  P2Os  obtained 
in  this  fashion.  The  resulting  value  for 
A1203  was  in  excellent  agreement  with 
that  obtained  by  difference.  This  some- 
what complicated  procedure  with  its  many 
checks  indicated  that  the  new  value  for 
Al2Os,  namely  14.18  per  cent,  approaches 
the  true  value  more  closely  than  Washing- 
ton's result  of  12.45  per  cent.  By  the  same 
token,  the  new  value  for  Ti02,  3.94  per 
cent,  is  more  nearly  correct  than  the  6.43 
per  cent  of  the  original  analysis.  Irrespec- 
tive of  this  discrepancy,  the  fact  remains 
that  the  content  of  Ti02  in  this  basalt  is 
large. 

The  differences  with  respect  to  both 
Ti02  and  A1203  are  reflected  in  the  norms 
shown  in  table  2.  Both  norms  were  calcu- 


TABLE  2. 

CIPW  Norms  of  Pantellerian  Basalt 

P. 

R.  C.  2006 

Washington 

Zies 

Or 

6.12 

6.40 

Ab 

28.82 

27.17 

An 

15.57 

21.09 

Di 

18.77 

16.72 

Hy 

5.74 

2.26 

Ol 

6.29 

12.37 

Mt 

2.32 

2.78 

11 

12.16 

7.48 

Ap 

3.36 

3.16 

Rest 

0.69 

0.54 

Total 

99.84 

99.97 

lated  according  to  the  CIPW  method.  FeO 
is  nearly  the  same  in  both  analyses;  there- 
fore, in  the  new  analysis  much  less  can  be 
assigned  to  the  II  molecule  than  in  the  old, 
with  the  result  that  the  Ol  molecule  is 
almost  doubled.  The  increase  in  Al203 
shown  by  the  new  analysis  is  reflected  in 
the  increased  amount  of  the  An  molecule. 
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The  petrographic  interpretation  of  the 
analysis  of  the  basalt  would  in  all  probabil- 
ity be  more  informative  if  a  method  were 
available  that  would  permit  the  determina- 
tion of  the  state  of  oxidation  of  the  titan- 
ium. There  is  as  yet  no  such  method. 

The  complete  new  analysis  together  with 
a  more  detailed  account  of  the  various 
analytical  procedures  will  be  described  in  a 
forthcoming  paper. 

Plutonic  Roc\s  of  the  Port  Clyde  Peninsula 
Y.  Suzu\i  and  F.  Chayes 

Although  the  granites  of  Maine  are  prob- 
ably more  numerous  and  have  almost  cer- 
tainly been. more  extensively  quarried  than 
those  of  any  other  state,  there  are  very  few 
localities  in  the  state  in  which  their  rela- 
tions to  other  plutonic  rocks  can  be  studied 
in  detail.  In  the  peninsula  stretching  from 
Rockland  southwest  to  Port  Clyde  there 
are  many  excellent  exposures  of  granites 
and  diorites,  and  the  region  was  once  the 
site  of  a  major  quarrying  industry.  It  was 
our  hope  that  with  detailed  field  study  we 
could  obtain  the  type  of  grid  sample  of 
this  complex  that  would  permit  a  com- 
bined statistical  and  geological  study  of  re- 
lations between  the  principal  intrusive 
facies.  Suzuki  spent  several  weeks  in  the 
area  during  the  summer  of  1960  exploring 
this  possibility.  Much  useful  information 
has  been  obtained,  and  more  will  be  forth- 
coming as  the  mineralogical  and  petro- 
graphic study  of  the  specimens  is  brought 
to  completion. 

Despite  the  enormous  amount  of  natural 
and  artificial  outcrop  in  the  area,  the 
density  of  sample  sites  varies  so  erratically 
as  to  preclude  any  but  conventional  geo- 
logical mapping.  Figure  61  is  a  specimen 
map  of  the  area;  in  each  of  the  1-km  grid 
squares  thought  to  be  underlain  by  the 
complex  we  hoped  to  obtain  at  least  one 
specimen.  Despite  diligent  search,  31  per 
cent  of  these  grid  squares  remain  vacant. 
Furthermore,  27  per  cent  of  the  grid  area 
contains  64  per  cent  and  six  of  the  grid 


squares  (or  less  than  10  per  cent  of  the 
whole)  contain  more  than  32  per  cent  of 
the  sample  sites.  In  short,  we  have  con- 
siderably more  information  than  is  usually 
accumulated  in  the  course  of  geological 
mapping,  but  the  distribution  of  this  in- 
formation is  such  that  "trend  surface" 
mapping  of  the  type  described  in  the  ac- 
companying report  on  closed  tables  is 
hardly  to  be  recommended  for  the  com- 
plex as  a  whole.  Further  sampling,  if  it 
were  confined  to  actual  exposure,  could 
only  increase  the  variability  of  sample  den- 
sity over  the  map  area.  It  is  apparent  from 
figure  61,  however,  that  in  small  subareas 
of  abundant  outcrop — those  in  which  the 
density  of  the  total  sampling  is  already  too 
high — the  trend  surface  mapping  pro- 
cedure might  be  usefully  employed. 

It  is  probable  that,  as  long  as  sampling 
is  confined  to  actual  outcrop,  trend  surface 
mapping  of  many  similar  plutonic  com- 
plexes will  face  similar  handicaps.  It  seems 
to  us  that  the  present  tendency  to  use  such 
mapping  on  a  scale  almost  comparable 
to  that  of  ordinary  geological  mapping  is 
something  of  a  tactical  mistake,  and  that 
for  hard  rock  petrology  its  real  promise  in 
the  immediate  future  lies  in  the  systematic 
study  and  description  of  local  fluctuations, 
in  the  treatment  of  which  conventional 
mapping  procedures  are  notoriously  in- 
adequate. 

Since  there  is  no  published  description 
of  the  plutonic  rocks  of  the  Port  Clyde 
peninsula,  a  brief  summary  of  the  findings 
will  be  of  interest  to  many  readers.  From 
Ash  Point  southwest  to  Sprucehead  the 
shore  areas  are  underlain  by  a  hornblende- 
biotite  granite  which  was  once  quarried 
on  the  island  of  Sprucehead.  The  region 
between  South  Thomaston  and  Spruce- 
head is  occupied  by  a  biotite-muscovite 
granite  in  which  plagioclase  is  usually  ex- 
tensively altered  and  biotite  is  partly  or 
wholly  transformed  to  chlorite;  there  are  a 
number  of  small  quarries  in  this  material. 
Biotite-muscovite  granite  also  underlies 
most  of  the  near  shore  area  from  Spruce- 
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head  south,  along  Harrington  Cove  and  as  in  the  "black  granite"   once  quarried 

Long  Cove,  to  Clark  Island.  In  this  area  from  a  small  working  near  St.  George, 

the  granite  is  much  fresher,  with  plagio-  The  four  open  triangles  on  figure  61 

clase  only  moderately  altered,  and  little  of  indicate  outcrop  of  rock  devoid  of  both 

the  biotite  chloritized.  This  was  the  major  hornblende  and  potash  feldspar.  This  ma- 


3  Km. 


Fig.  61.  Specimen  map  of  the  Port  Clyde  area.  Solid  circles,  hornblende-biotite  granite;  open  cir- 
cles, mica  granite;  crosses,  quartz-biotite  diorite;  open  triangles,  contact  facies  or  dykes  free  of 
hornblende  and  potash  feldspar. 


producing  area  of  the  region.  In  the 
country  between  St.  George  and  Tenants 
Harbor  there  is  much  outcrop  of  a  dark 
streaky  rock  of  variable  but  usually  high 
color  index.  Most  of  this  is  quartz-biotite- 
diorite.  It  is  sometimes  gabbroic,  however, 


terial  occurs  at  Clark  Island  as  a  hybrid 
between  country  rock  and  granite,  at 
Tenants  Harbor  as  a  marginal  facies  of 
two-mica  granite,  and  at  Port  Clyde  as  a 
dyke  in  hornstone. 
The    complex    is    bounded    by    meta- 
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morphic  rocks  immediately  south  and  west 
of  Tenants  Harbor,  and  only  isolated  ex- 
posures of  the  plutonic  rocks  are  to  be 
found  in  the  vicinity  of  Port  Clyde.  In 
the  country  between  St.  George  and  South 
Thomaston  the  complex  passes  under  cover 
on  the  northwest,  but  the  hornblende 
granite  of  the  Ash  Point-Dyer  Point  area 
is  bounded  on  the  northwest  by  horn- 
stones,  which  it  clearly  cuts. 

Estimating  the  Composition  of  Zoned 
Plagioclase 

Y.  Suzu\i  and  F.  Chayes 

Although  the  plagioclase  in  many  com- 
mon rocks  exhibits  zoning  and  there  has 
been  much  development  in  determinative 
procedures  in  recent  years,  very  little  work 
has  been  directed  specifically  toward  the 
problem  of  estimating  the  composition  of 
zoned  plagioclase.  Even  though  the  plagio- 
clase is  zoned,  an  estimate  of  its  bulk  com- 
position is  usually  essential.  And  just  be- 
cause it  is  zoned  one  would  often  like  in- 
formation about  the  range  of  composition 
represented  by  zoning,  as  well  as  some  no- 
tion of  the  distribution  of  material  in  this 
range. 

The  bulk  or  average  composition  is  most 
commonly  required.  Even  ignoring  geo- 
metrical considerations,  it  is  obvious  that 
thin-section  determination  of  this  quantity 
faces  severe  sampling  difficulties.  Because 
of  time  limitations  it  is  advisable  to  super- 
impose some  systematic  or  random  sam- 
pling scheme,  but  if  the  universal  stage  is  to 
be  used  the  sampling  must  be  confined  to 
the  central  region  of  the  section,  and  if 
extinction  or  other  optical  methods  are  to 
be  used,  so  that  the  full  area  of  the  slide  is 
available  for  study,  a  large  proportion  of 
the  grains  selected  by  the  sampling  scheme 
will  be  unsuitable  for  measurement. 

The  methods  requiring  mineral  separa- 
tion are  subject  to  possibilities  of  bias  aris- 
ing from  habit,  fabric,  grinding  differ- 
entials, etc.  The  importance  of  these  will 
of  course  depend  on  the  strength  and  ex- 


tent of  the  zoning,  but  if  the  zoning  is 
obvious  enough  to  cast  doubt  on  results 
obtained  in  thin  section  it  cannot  be  taken 
for  granted  that  mineral  separation  will 
provide  unbiased  samples.  Finally,  al- 
though an  X-ray  powder  diffraction  spec- 
trum provides  a  species  of  automatic  aver- 
aging, there  is  no  guarantee  that  the  aver- 
age it  yields  is  the  correct  one.  The  interval 
between  a  pair  of  peaks  may  be  a  simple 
linear  function  of  composition  if  each  speci- 
men is  homogeneous,  but  if  the  specimens 
are  mixtures  it  is  expectable  that  peak 
broadening  will  introduce  additional  un- 
certainty and  it  is  quite  possible  that  in- 
tensity differences  may  produce  real  de- 
partures of  the  centroids  of  these  broadened 
peaks  from  the  positions  found  for  homo- 
geneous phases  of  analogous  composition. 

In  the  course  of  a  petrographic  study  of 
the  granites  of  the  Port  Clyde  peninsula, 
reviewed  in  the  preceding  section  of  this 
report,  considerable  information  bearing  on 
all  these  matters  has  been  accumulated. 
Some  of  the  findings  are  summarized  here. 

Grinding  differential.  About  30  grams 
of  each  of  six  specimens  was  crushed  to 
pass  70  mesh  and  sized  into  70-100,  100- 
150,  and  150-200  mesh  fractions.  Under- 
size  was  rejected,  and  slimes  were  removed 
by  washing.  The  sized  fractions  usually 
represented  about  50  per  cent  of  the  head 
sample.  Table  3  shows  quartz-microcline- 
plagioclase  ratios  in  a  typical  example. 

TABLE  3.  Ternary  Ratios  in  Sized  Products  of 
Granite  from  Clark  Island,  Maine 

Fraction  Quartz        K  Feldspar   Plagioclase 


70-100 

40.9 

22.8 

36.3 

100-150 

43.6 

24.7 

31.7 

150-200 

44.0 

25.0 

31.0 

Thin-section 

average 

33.6 

29.7 

36.7 

Comparison  of  the  thin-section  and  size- 
fraction  ratios  in  the  table  indicates  a  strong 
grinding  differential,  with  quartz  concen- 
trating in  the  part  retained  and  K  feldspar 
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in  the  undersize  reject.  Modal  analysis  by 
fragment  count,  a  procedure  suggested 
from  time  to  time  and  one  having  much  to 
recommend  it,  would  clearly  be  most  mis- 
leading on  this  rock. 

Although  the  principal  effect  of  the 
grinding  differential  is  on  the  quartz  and 
K  feldspar  ratios,  this  is  no  guarantee  that 
the  composition  of  the  plagioclase  is  the 
same  in  sized  fractions  and  reject.  It  is 
therefore  rather  reassuring  to  find  that, 
for  the  two  specimens  on  which  thorough 
thin-section  studies  have  been  made,  the 
average  An  content  indicated  by  indicatrix 
shape  and  position  agrees  quite  well  with 
average  An  determined  by  the  Tsuboi 
method  on  fragments  from  the  size  frac- 
tions. It  is  hardly  to  be  hoped  that  this  is  a 
general  rule;  probably  it  reflects  only  the 
fact  that  zoning  is  not  extreme  in  either 
of  the  samples  for  which  both  types  of 
data  are  available. 

Results  for  the  Tsuboi  method  on  the 
sized  fractions.  Table  4  shows  the  average 
An  values  obtained  by  this  procedure.  In 
all,  429  cleavage  flakes  were  measured,  and 
no  entry  in  the  table  is  based  on  less  than 
six  measurements.  Differences  between 
fractions  of  the  same  specimen  are  small 
and  inconsistent  and  may  safely  be  at- 
tributed to  experimental  error,  perhaps  en- 
larged somewhat  by  sampling  variation, 
particularly  in  the  more  calcic  plagioclases. 

X-ray  determination.  From  each  size 
fraction,  K  feldspar  and  ferromagnesian 
minerals  were  removed  by  a  combination 
of  heavy  liquid  and  magnetic  procedures. 
K  feldspar  can  still  be  detected  by  micro- 
scope in  most  of  the  concentrates,  but  never 
in  amounts  large  enough  to  estimate  by  a 
count  of  reasonable  length;  it  is  well  below 
the  detection  limit  by  X  ray,  and  almost 
certainly  below  the  limit  at  which  it  might 
influence  the  diffraction  spectra  of  other 
minerals. 

None  of  the  available  methods  based  on 
gravity  or  magnetic  susceptibility  produced 
a  clean  separation  of  quartz  from  plagio- 
clase, and,  since  at  this  stage  it  was  vital 


to  avoid  the  possibility  of  differential 
separation  of  the  zoned  plagioclase,  it 
seemed  advisable  to  attempt  estimation  of 
An  content  of  plagioclase  directly  in  the 
plagioclase-quartz  mixtures.  Most  of  these 
mixtures  contain  as  much  quartz  as  plagio- 
clase, so  that,  even  though  there  was  no 
specific  interference  from  quartz  in  the 
regions  of  the  spectrum  used  for  the  de- 

TABLE  4.    Average   An   Content   of   Cleavage 
Fragments  by  Tsuboi  Method 


Specimen 


Size  Average     Specimen 

Fraction  An  Average 


70-100 

7.9 

26 

100-150 

5.8 

7.0 

150-200 

7.2 

70-100 

18.2 

52 

100-150 

15.6 

16.7 

150-200 

16.4 

70-100 

19.1 

21 

100-150 

21.0 

19.8 

150-200 

19.4 

70-100 

23.1 

51 

100-150 

21.4 

22.3 

150-200 

22.4 

70-100 

28.6 

42 

100-150 

31.1 

31.7 

150-200 

35.3 

70-100 

33.9 

109 

100-150 

29.3 

31.7 

150-200 

31.8 

termination,  the  intensity  of  the  plagio- 
clase peaks  was  much  reduced.  It  was 
nevertheless  possible  to  obtain  for  each  frac- 
tion usable  measurements  of  the  111-111, 
131-131,  132-131,  and  132-241  peak  separa- 
tions. The  results  are  shown  in  table  5. 
As  the  within-specimen  variation  is  uni- 
formly small  and  the  differences  between 
methods  fail  of  significance,  only  the  speci- 
men means  are  used  in  the  subsequent 
discussion. 

Comparison  of  averages  for  Tsuboi  and 
X-ray  procedures.  The  specimen  averages 
from  tables  4  and  5  are  compared  in  table 
6  and  figure  62.  If  the  X-ray  and  optical 
procedures    were     estimating    the    same 
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TABLE  5. 

An  Content 

of  Plagioclase  by 

Measurement  of  X-Ray  Peak  Separations 

Specimen 

Size 
Fraction 

Peak  Pairs 

Specimen 

No. 

111-lTl 

131-131 

132-131 

132-241 

Average 

70-100 

3 

3 

6 

5 

26 

100-150 

6 

1 

1 

2 

3.3 

150-200 

4 

2 

5 

2 

(4.2) 

(2.0) 

(4.0) 

(3.0) 

70-100 

12 

15 

14 

13 

52 

100-150 

12 

14 

14 

11 

12.7 

150-200 

13 

13 

12 

10 

(12.3) 

(14.0) 

(13.3) 

(H.3) 

70-100 

16 

17 

14 

13 

21 

100-150 

18 

17 

16 

14 

15.8 

150-200 

18 

18 

16 

13 

(17.3) 

(17.7) 

(15.3) 

(13.3) 

70-100 

18 

19 

18 

16 

51 

100-150 

19 

17 

19 

16 

17.7 

150-200 

15 

19 

19 

17 

(17.3) 

(18.3) 

(18.7) 

(16.3) 

70-100 

29 

29 

31 

29 

42 

100-150 

32 

28 

28 

28 

29.1 

150-200 

28 

28 

31 

28 

(29.7) 

(28.3) 

(30.0) 

(28.3) 

70-100 

27 

30 

35 

30 

109 

100-150 

28 

29 

32 

31 

29.9 

150-200 

29 

29 

32 

27 

(28.0) 

(29.3) 

(33.0) 

(29.3) 

means  the  slope  of  the  line  of  best  fit  would 
not  differ  significantly  from  unity  and  its 
intercept  would  not  differ  significantly 
from  zero.  The  equation  of  the  line  in 
figure  62  is 

AncXray)  =   1.071  Alia  —  4.99 

By  the  usual  tests  we  have  no  reason  to 
suppose  that  the  slope  differs  from  unity, 
but  the  intercept  is  highly  significant.  The 
principal  effect  is  thus  of  a  constant  bias, 

TABLE  6.    Specimen  Averages  by  Tsuboi  and 
X-Ray  Procedures 


the  a  index  of  cleavage  flakes  consistently 
indicating  a  higher  average  An  content  of 
plagioclase  than  is  found  by  the  various 


Specimen 


X-Ray 
Average 


Tsuboi 
Average 


26 

3.3 

7.0 

52 

12.7 

16.7 

21 

15.8 

19.8 

51 

17.7 

22.3 

42 

29.1 

31.7 

109 

29.9 

31.7 

Tsuboi  overage 

Fig.  62.  Average  An  estimated  by  Tsuboi 
method  and  X-ray  peak  separations.  (Data  of 
table  6.) 
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peak  separations  measured  on  the  X-ray 
patterns. 

This  result  is  compatible  with  a  posi- 
tively skewed  distribution  of  anorthite  in 
plagioclase,  the  more  anorthitic  material 
being  present  in  amounts  either  below  the 
detection  limit  of  the  X-ray  procedure  or 
insufficient  to  produce  an  observable  dis- 
placement of  the  peaks.  If  this  is  the 
proper  explanation,  it  would  appear  that 
the  average  of  twenty  or  more  index  meas- 
urements is  a  better  estimator  of  average 
An  content  than  any  one  of  the  peak  sepa- 
rations. For  many  petrographic  purposes 
the  differences  between  X-ray  and  a-index 
averages  are  small,  and  this  is  fortunate, 
for  the  close  measurement  of  na  in  twenty 
grains  requires  a  much  larger  investment 
of  time  and  effort  than  the  preparation  and 
measurement  of  a  few  powder  spectro- 
grams. 

It  is  obvious  that  only  a  limited  general- 
ization of  these  results  is  permissible,  but 
it  is  not  possible  to  define  the  limits  with 
any  precision.  The  zoning  of  plagioclase 
in  the  granites  of  the  Port  Clyde  peninsula 
is  comparable  to  that  found  in  many  other 
granites.  Where  little  or  no  inhomogeneity 
can  be  observed  in  thin  section  there  is  no 
reason  to  suppose  that  the  X-ray  technique 
is  subject  to  bias.  Where  zoning  or  other 
heterogeneity  is  pronounced,  as  in  many 
tonalites  and  monzonites,  it  is  quite  pos- 
sible that  neither  method  used  here  will 
generate  a  meaningful  average. 

Staining  of  Alkali  Feldspars  from  Volcanic 
Roc\s 

F.  Chayes  and  E.  G.  Zies 

The  use  of  a  potassium  stain  on  alkali 
feldspar  to  assist  in  the  rapid  identification 
required  in  modal  analysis  of  plutonic 
rocks  is  now  very  common.  It  has  been 
known  for  some  time  that  the  alkali  feld- 
spars of  many  volcanic  rocks  do  not  re- 
spond as  readily  to  the  stain.  Such  feld- 
spars are  often  much  poorer  in  K  than  their 
plutonic  analogues,  but  there  seems  to  be 
no  published  record  of  an  attempt  to  com- 


pare staining  efficiency  on  materials  of 
known  K  content.  The  study  reported  on 
below  began  as  an  attempt  to  provide  such 
information.  As  might  have  been  antici- 
pated, however,  the  analytical  and  petro- 
graphic data  are  of  more  general  interest; 
we  hope  to  extend  this  part  of  the  study 
materially.  Here  we  summarize  the  results 
of  the  staining  tests. 

The  alkali  feldspars  of  the  two-feldspar 
plutonic  rocks  (orthoclase,  microcline,  and 
perthites  of  either  with  albite  or  oligoclase) 
invariably  stain  readily.  An  exposure  of  5 
seconds  to  HF  fumes  followed  by  a 
1-minute  immersion  in  a  saturated  solution 
of  sodium  cobaltinitrite  ordinarily  pro- 
duces a  clear  yellow  stain  spread  very 
evenly  over  the  surface.  If  the  rock  is  fresh 
no  granularity  can  be  detected  in  the  stain 
even  at  high  magnification. 

Although  the  alkali  feldspar  of  many 
two-feldspar  rhyolites  responds  similarly, 
it  is  a  very  general  rule,  applicable  to  vir- 
tually all  the  material  so  far  examined, 
that  the  feldspar  of  the  one-feldspar  vol- 
canics  is  little  if  at  all  affected  by  this  treat- 
ment. The  specimens  we  have  studied  in 
detail — the  type  pantellerite,  loaned  to  us 
by  the  U.  S.  National  Museum,  and  a 
trachyte  from  Paris  de  Besu,  Sardinia,  col- 
lected by  Chayes  in  company  with  S. 
Vardabasso  and  A.  Atzeni — are  in  this  re- 
spect typical. 

Chemical  analysis  indicates  an  Or  con- 
tent of  about  40  per  cent  by  weight  in 
the  phenocrysts  of  both  specimens.  Re- 
gardless of  staining  time,  a  10-second  etch 
produces  no  perceptible  effect  on  the 
pantellerite  feldspar  and  almost  none  on 
that  in  the  trachyte.  With  a  15-second  etch 
and  a  5-minute  immersion  in  the  cobalti- 
nitrite solution  both  show  a  patchy,  granu- 
lar stain.  After  two  further  repetitions  of 
this  treatment  both  show  a  light  but  usable 
stain;  under  high  magnification  this  stain, 
though  fairly  uniformly  distributed,  is  still 
granular. 

Repeated  short  etches  are  much  more 
effective  than  a  single  long  one.  The  stain- 
ing time  does  not  seem  particularly  critical; 
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on  these  specimens  a  5-minute  stain  seems 
better  than  a  1 -minute  stain,  but  for  a 
given  etching  time  slides  left  in  the  staining 
solution  for  25  minutes  are  not  perceptibly 
different  from  those  withdrawn  after  5 
minutes.  In  principle,  to  the  extent  that 
there  are  principles  in  this  kind  of  business, 
the  stain  should  be  instantaneous,  and  on 
K-rich  feldspars  it  is  nearly  so;  successful 
staining  times  much  less  than  the  1  minute 
ordinarily  used  in  this  laboratory  have  been 
reported  by  other  workers,  the  most  re- 
cendy  published  recommendations  being 
15  seconds.  Regardless  of  etching  time, 
such  a  short  stain  is  quite  ineffective  on  our 
two  specimens. 


These  results  are  compatible  with  the 
suggestion  that  the  relative  insensitivity  of 
many  sanidines  and  anorthoclases  merely 
reflects  their  lower  K  content,  but  it  is 
possible  that  this  is  not  the  whole  explana- 
tion. Very  small  amounts  of  K  can  be  de- 
tected by  the  cobaltinitrite  test,  and,  if  con- 
centration alone  were  responsible,  it  does 
not  seem  likely  that  a  surface  containing 
6  per  cent  of  K  would  be  unaffected  by  a 
staining  procedure  to  which  a  surface  con- 
taining 14  per  cent  K  reacts  readily.  We 
hope  to  continue  this  work,  and  would  ap- 
preciate information  about  or  duplicate 
specimens  of  alkali  feldspars  containing 
less  than  30  per  cent  Or. 


ORE  MINERALS 


Systematic  laboratory  investigations  dur- 
ing the  past  seven  years  have  produced 
significant  data  pertaining  to  the  processes 
of  ore  deposition,  and  phase  relations 
among  a  number  of  the  more  common 
sulfide-type  minerals  are  now  established. 
Accordingly,  more  emphasis  is  being 
placed  on  the  application  of  these  results 
to  interpretation  of  occurrences  of  minerals 
in  ores. 

During  this  last  year  visits  were  made 
in  this  country  and  abroad  to  fifty-one 
mines  to  observe  the  common  mineral 
assemblages  for  later  applications  of  labora- 
tory results.  A  number  of  field  relations, 
which  may  be  explained  and  understood 
through  systematic  investigations  on  syn- 
thetic materials,  were  noted  during  these 
trips.  Thus  elucidation  of  a  number  of 
field  problems  depends  on  knowledge  of 
systems  such  as  Fe-Mo-S,  Cu-Fe-S-O,  and 
Fe-Ni-As-S. 

Laboratory  experimentation  has  recently 
been  facilitated  by  the  addition  of  a  func- 
tion plotter  to  the  differential  thermal 
analysis  equipment  (DTA) .  It  is  now  pos- 
sible to  record  heat  effects  in  sulfide-type 
minerals  in  equilibrium  with  saturated 
sulfur  vapor  at  temperatures  as  high  as 
1160°C  by  using  appropriate  confining 
pressures  on  the  silica  reaction  vessels.  The 


sulfur-rich  part  of  the  Fe-S  system  has 
been  investigated  at  high  temperatures 
with  this  modified  DTA  apparatus.  For 
a  wide  composition  range  extending  from 
about  46  to  more  than  95  weight  per  cent 
sulfur  a  field  consisting  of  two  liquids  plus 
vapor  has  been  found  to  exist  above 
1083°C.  The  Fe-Se  system  has  been  studied 
by  DTA,  quenching  runs,  and  high-tem- 
perature X-ray  experiments.  Two  fields 
containing  two  liquids  plus  vapor  were 
found  to  exist  in  this  system  at  elevated 
temperatures. 

The  upper  stability  curve  of  polydymite 
has  been  determined  to  2000  bars.  In  the 
presence  of  vapor  this  mineral  decomposes 
to  aNii^S  and  NiS2  at  356°C.  The  study 
was  of  particular  interest  since  the  reac- 
tion M3S4  <=*  2NiS  +  NiS2  involves  only 
solids.  As  expected,  the  stability  of  poly- 
dymite is  much  less  dependent  on  pressure 
than  that  of  pyrite,  covellite,  and  the  pyrite- 
arsenopyrite  pair,  whose  upper  stability 
curves  all  define  reactions  involving  liquid 
as  well  as  solid  states  of  aggregation. 

NiAs2  occurs  in  nature  in  two  poly- 
morphs, pararammelsbergite  and  rammels- 
bergite.  At  pressures  of  less  than  1  bar, 
pararammelsbergite  was  found  to  invert  to 
rammelsbergite  at  590  °C  when  niccolite 
was  present  but  at  598°C  in  the  presence 
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of  arsenic.  The  pararammelsbergite-ram- 
melsbergite-niccolite  and  pararammels- 
bergite-rammelsbergite-arsenic  univariant 
curves  were  determined  to  2000  and  750 
bars,  respectively. 

Additional  work  has  been  performed  in 
the  past  year  on  the  phase  relations  in  the 
Cu-Fe-S  system.  The  phase  relations  in 
the  Cu-Fe-O  system  have  been  determined 
at  800  °C  and  are  now  being  studied  at 
lower  temperatures.  Considerable  informa- 
tion has  been  obtained  about  the  phase  re- 
lations in  the  Cu-S-O  system  at  relatively 
low  temperatures.  At  400 °C,  because  of 
the  high  vapor  pressures  over  sulfur-  and 
oxygen-rich  phases,  it  was  necessary  to 
study  this  system  under  high  confining 
pressures.  At  250  °C,  however,  conven- 
tional silica  tubes  without  supporting  pres- 
sure could  be  employed. 

Since  the  phase  relations  at  this  time  are 
known  in  the  Cu-Fe-S,  Cu-Fe-O, 
Cu-S-O,  and  Fe-S-O  systems,  it  is  now 
possible  to  explore  the  quaternary  Cu-Fe- 
S-O  system.  Of  the  four-component  sys- 
tems this  is  probably  the  most  important 
to  the  understanding  of  common  mineral 
assemblages  in  ores. 

The  phase  relations  observed  in  ores 
often  indicate  lack  of  equilibrium  between 
minerals  at  the  time  of  deposition.  More- 
over, during  the  succeeding  cooling  period 
some  mineral  assemblages  respond  to  the 
lowering  of  temperature  by  exsolution,  by 
inversion  in  certain  mineral  species  to  low- 
temperature  polymorphs,  or  even  by  the 
disappearance  of  species  no  longer  stable 
and  the  appearance  of  others.  Thus,  some- 
times the  evidence  of  the  conditions  exist- 
ing during  ore  deposition  may  be  difficult 
of  interpretation. 

There  are  also  indications  that  many 
minerals  and  mineral  assemblages  remain 
unchanged  during  the  cooling  period,  thus 
preserving  the  evidence  needed  to  infer 
the  conditions  obtaining  during  ore  deposi- 
tion. Numerous  ore  deposits  contain  some 
mineral  assemblages  that  tend  to  respond 
to  the  decrease  in  temperature  while  other 


assemblages  in  the  same  ore  apparently  do 
not  change. 

An  understanding  of  these  differing  be- 
haviors displayed  by  common  mineral  as- 
semblages is  dependent  on  knowledge  of 
reaction  rates  at  various  temperatures  and 
pressures.  Systematic  studies  of  the  solid- 
state  kinetics  in  synthetic  systems  are  there- 
fore pertinent;  when  performed  on  systems 
whose  equilibrium  relations  are  known, 
such  investigations  can  produce  results  of 
great  importance  to  the  interpretation  of 
ore  textures.  The  Cu-Fe-S  system,  whose 
phase  equilibria  are  now  comparatively 
well  known,  has  been  selected  for  the 
first  systematic  study  of  this  kind. 

Two-Liquid  Field  in  the  Fe-S  System 
G.  Kullerud 

Certain  ores,  such  as  the  great  Sudbury 
iron-nickel  sulfide  deposits,  associated  with 
ultrabasic  rocks,  are  believed  by  many 
geologists  to  have  formed  by  magmatic 
segregation.  The  sulfides  supposedly  sepa- 
rated from  the  silicate  magmatic  solution 
by  gravity  settling  of  drops  of  liquid  sul- 
fide. These  sulfides  are  metal  rich;  they 
consist  of  mixtures  of  pentlandite,  (Fe, 
Ni)gS8,  and  pyrrhotite,  Fei-^S,  in  contrast 
with  other  types  of  sulfide  deposits,  which 
as  a  rule  contain  minerals  of  considerably 
smaller  metal-to-sulfur  ratio.  This  would 
indicate  that  the  metal-rich  sulfide  drops 
not  only  separate  by  gravity  settling  from 
a  silicate  magmatic  solution  but  may,  even 
before  this  event,  have  formed  through 
liquid  immiscibility  among  the  sulfide 
phases.  This  immiscibility  field  would  con- 
tain a  metal-rich  and  a  sulfur-rich  liquid. 
The  metal-rich  liquid,  having  greater  den- 
sity than  the  sulfur-rich  as  well  as  the  sili- 
cate liquid  phase,  would  separate  from  the 
others  by  gravity  settling. 

The  question  whether  a  region  of  liquid 
immiscibility  exists  between  iron  sulfide 
and  sulfur  was  raised  by  Rosenqvist 
(1954).  Arnold  (personal  communication, 
1958)  made  quenching  runs  at  high  tem- 
peratures and  found  evidence  of  a  two- 
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liquid  field.  Kullerud  and  Yoder  (1959), 
however,  showed  that  products  quenched 
from  a  liquid  +  vapor  region  are  often 
indistinguishable  from  those  quenched 
from  a  two-liquid  +  vapor  region.  Definite 
conclusions,  therefore,  could  not  be  drawn 
from  this  type  of  experimentation. 

During  this  past  year  the  DTA  apparatus 
has  been  modified  and  now  operates 
routinely     to    temperatures     well     above 


weight  per  cent  sulfur.  In  all  experiments 
a  large  thermal  effect  was  recorded  at 
742°  ±  3°C,  at  which  temperature  pyrite 
melts  incongruently  to  pyrrhotite  and 
liquid.  It  is  noted  in  figure  63  that  in  the 
experiment  with  44.00  weight  per  cent  sul- 
fur the  pyrrhotite-liquid  solvus  is  inter- 
sected at  1077°,  the  solidus  at  1088°,  and 
the  liquidus  at  1113°C.  In  the  experiment 
with  46.00  weight  per  cent  sulfur  a  heat 


Weight  per  cent  .S 


Fig.  63.  Phase  relations  above  700°C  in  the  part  of  the  Fe-S  system  that  contains  more  than 
38.0  weight  per  cent  S.  All  phases  or  phase  assemblages  are  in  equilibrium  with  vapor.  The  num- 
bered fields,  in  addition  to  vapor,  contain  the  following  phases:  1,  liquid;  2,  Fe^^S  +  L;  3,  Fe-^S; 
4,  Fe^S  +  FeS2;  5,  FeS2  +  L;  6,  Fe^S  +  L;  7,  L±  +  L2. 


1100°C,  even  with  free  sulfur  in  the  silica 
reaction  vessels.  Thus  it  has  been  possible 
to  study  the  phase  relations  in  the  FeS-S 
part  of  the  system  at  the  required  high 
temperatures.  Mixtures  of  synthetic  FeS2 
and  S,  of  synthetic  Fei-^S  and  FeS2,  and 
of  FeS2  and  Fe  were  heated  in  DTA  tubes 
with  minimum  vapor  space.  Because  of 
the  increasing  pressure  developed  inside 
these  tubes  on  heating,  an  argon  gas  con- 
fining pressure  of  about  90  bars  was  em- 
ployed. 
The  tubes  contained  from  44.00  to  95.5 


effect  was  recorded  at  1082°,  and  another, 
due  to  intersection  of  the  liquidus,  at 
1088  °C.  In  all  the  remaining  experiments 
heat  effects  were  recorded  at  1082°-1083°C 
only,  exclusive  of  the  effect  caused  by 
breakdown  of  pyrite.  This  heat  effect  can 
be  explained  only  by  the  existence  of  a  two- 
liquid  +  vapor  field  above  1082°  ±  3°C. 
This  field  extends  from  46.2  to  more  than 
95.5  weight  per  cent  sulfur.  It  is  seen  from 
figure  63  that  when  mixtures  of  pyrite  and 
sulfur  or  pyrite  and  pyrrhotite  of  bulk  com- 
position within  this  range  are  heated  to 
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742  °C,  pyrite  disappears  as  a  phase.  Above 
this  temperature  pyrrhotite  +  liquid  + 
vapor  coexist  to  1082°C,  where  pyrrhotite 
melts. 

At  this  temperature  two  liquids,  one 
containing  46.2  and  the  other  in  excess  of 
95.5  weight  per  cent  sulfur,  coexist  with 
vapor.  The  compositions  of  the  liquids 
at  temperatures  beyond  1082  °C  are  not 
known.  Further  heat  effects  were  not  ob- 
served in  runs  up  to  1160°C. 

Regions  of  liquid  immiscibility  have 
now  been  observed  both  in  the  Ni-S  sys- 
tem (Year  Book  58,  pp.  139-142)  and  in 
the  Fe-S  system.  It  is  probable  that  these 
fields  extend  deep  into,  or  even  merge  into, 
a  single  two-liquid  field  which  spans  the 
ternary  Fe-Ni-S  system.  If  the  tempera- 
ture at  which  the  two  immiscible  liquids 
appear  is  appreciably  lowered  in  the  ternary 
system,  the  hypothesis  of  liquid  segrega- 
tion of  sulfides  may  be  valid. 

The  Fe-Se  System 
P.  Tr often  and  G.  Kullerud 

The  Fe-Se  system  has  been  studied  by 
quenching,  DTA,  and  high-temperature 
X-ray  experiments.  Of  the  three  reported 
ternary  phases  Fei-^Se,  Fe3Se4,  and  FeSe2, 
only  FeSe2  (ferroselite)  occurs  as  a  mineral. 
Stoichiometric  FeSe  has  a  tetragonal  crystal 
structure  below  about  335 °C.  Above  this 
temperature  it  is  hexagonal  and  isostruc- 
tural  with  pyrrhotite.  Investigation  of  the 
solid  solution  formed  between  stoichio- 
metric FeSe  and  Se  showed  that  it  is  one 
of  omission  of  iron.  The  chemically  (as 
well  as  structurally)  correct  formula,  there- 
fore, is  Fei^Se.  The  Fei-^Se  mix-crystals 
show  the  same  type  of  melting  relations  as 
the  Fei-sS  and  Nii-^S  solid  solutions.  The 
maximum  melting  point,  at  which  the 
liquidus  and  solidus  curves  coincide,  is 
situated  at  1070°  ±  5°C  and  about  53.0 
atomic  per  cent  Se. 

The  stability  relations  of  the  FesSes 
phase  are  not  yet  altogether  clear.  It  ap- 
pears to  form  complete  solid  solution  with 


Fei-aS  above  500  °C.  Ferroselite  melts  in- 
congruently  at  about  585  °C.  Two  fields 
containing  two  liquids  +  vapor  occur  in 
this  system.  One  of  these  fields  appears  at 
960  °C  between  Fe  and  FeSe,  extending 
from  6.5  to  46.0  atomic  per  cent  Se.  The 
other,  which  appears  at  about  790  °C,  ex- 
tends from  71.5  to  a  composition  beyond 
98.0  atomic  per  cent  Se. 

Polydymite  Stability  Relations 
G.  Kullerud  and  R.  A.  Yund 

Polydymite,  N13S4,  which  is  one  of  the 
linnaeite  series  of  minerals,  is  found  in 
certain  hydrothermal  vein  deposits  associ- 
ated with  other  sulfide-type  minerals  such 
as  chalcopyrite,  pyrrhotite,  pyrite,  millerite, 
sphalerite,  and  galena. 

The  upper  stability  limits  of  polydymite 
have  been  determined,  and  the  role  of  this 
binary  compound  in  the  Ni-S  system  can 
now  be  specified.  An  invariant  point  in 
which  the  phases  aNii-^S,  NisS4,  NiS2,  and 
vapor  all  are  stable  exists  at  356  °C.  Inter- 
pretation of  the  phase  relations  around  this 
point  unites  the  experiments  performed  in 
rigid  silica  tubes  at  pressures  less  than  1  bar 
(Year  Book  58,  pp.  139-142)  with  those 
performed  during  the  past  year  in  collapsi- 
ble gold  tubes  at  high  pressures.  The  situa- 
tion at  this  invariant  point  is  shown  sche- 
matically in  figure  64. 
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Fig.  64.  Univariant  curves  and  divariant  re- 
gions about  invariant  point  c  where  aNi^S, 
Ni3S4,  NiS2,  and  vapor  are  in  equilibrium. 
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At  c  the  following  four  univariant  curves 
intersect:  (NiS2)  aNii-^S  +  Ni3S4  +  V, 
(aNii-*S)  Ni3S4  +  NiS2  +  V,  (V)  Ni3- 
S*  +  NiS2  +  aNii-^S,  (Ni3S4)  aNii-^S  + 
NiS2  +  V.  Each  curve  is  specified  by  the 
phase    (enclosed   in   parentheses)    that   is 


volves  neither  a  gas  nor  a  liquid  phase. 
The  experimentally  determined  points  are 
369°C,  2000  bars;  366°C,  1500  bars;  363°C, 
1000  bars;  360°C,  500  bars.  The  curve 
terminates  at  the  invariant  point  c,  which 
lies  at  356°  ±  3°C  and  at  a  pressure  much 
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Fig.  65.    The  upper  stability  curve  of  polydymite.    This  is  the  univariant  curve  for  the  reaction 
Ni3S4  ?=*  otNi^S  +  NiS2,  which  terminates  at  point  c,  356°C  and  <0.002  bar. 


absent.  The  sequence  of  the  curves  about 
the  invariant  point  is  derived  by  the  pro- 
cedure described  by  Kullerud  and  Yoder 
(1959). 

The  upper  stability  curve  of  polydymite, 
Ni3S4  ^  aNii-a;S  +  NiS2,  is  given  in  figure 
65.   It  is  to  be  noted  that  the  reaction  in- 


less  than  1  bar.  In  the  diagram  the  stabil- 
ity field  of  polydymite  is  on  the  left  of  the 
curve  and  the  field  of  aNii-#S  +  NiS2  is 
on  the  right.  The  reaction  temperature 
rises  at  the  rate  of  about  6°C/1000  bars  as 
compared  with  about  14°C/1000  bars  for 
pyrite  <=*  pyrrhotite   +   liquid,  9°C/1000 
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bars  for  covellite  ^  digenite  +  liquid,  and 
17°C/1000  bars  for  arsenopyrite  +  pyrite 
<=*  pyrrhotite  +  liquid.  Breakdown  of 
stoichiometric  N13S4  at  356  °C  produces 
aNii-^S  (where  x  =  0.05)  and  stoichio- 
metric NiS2.  The  cell  dimensions  of  these 
three  compounds  were  determined,  and 
AV  for  the  reaction  was  calculated  as  2.8 
cc/mole.  Application  of  the  Clapeyron 
equation  gives  the  enthalpy  of  the  reac- 
tion at  356 °C  as  AH  =  7.0  kcal/mole. 

The  phase  relations  outlined  above  show 
that  polydymite,  if  deposited  in  the  pres- 
ence of  vapor,  is  stable  only  below  356  °C 
and,  even  under  high  confining  pressures 
in  the  absence  of  vapor,  must  have  formed 
below  370°C. 

Pararam  m  elsbergite-Ram  m  elsbergite 
R.  A.  Yund 

The  polymorphic  relations  of  pure  NiAs2 
and  of  NiAs2  containing  the  maximum 
amount  of  sulfur  in  solid  solution  have 
been  established.  The  substitution  of  less 
than  1  weight  per  cent  sulfur  for  arsenic 


in  NiAs2  lowers  the  inversion  approxi- 
mately 115  °C.  These  experiments  and 
others  using  natural  rammelsbergite  and 
pararammelsbergite  underline  the  need  for 
caution  when  attempting  to  establish  geo- 
logic temperatures  from  the  occurrence  of 
sulfide-type  mineral  polymorphs  in  nature. 
Although  the  deviation  of  rammelsberg- 
ite from  stoichiometry  is  very  slight 
(NiAsi.99o±o.o<>2  to  NiAsi.999±o.ooi,  Rose- 
boom,  1958),  the  small  variation  in  the 
Ni/As  ratio  must  be  considered  in  order  to 
deduce  the  general  P-T  relations.  A  sche- 
matic diagram  in  the  lower  right  corner  of 
figure  66  shows  one  possible  arrangement 
of  the  phase  relations  in  the  T-X  projection 
of  the  NiAs2  inversion.  The  corresponding 
P-T  projection  (fig.  66)  shows  the  relation 
of  the  univariant  curves  around  the  in- 
variant points  1  and  2.  Since  it  is  assumed 
that  there  is  not  a  compositional  difference 
in  the  NiAs2  polymorphs  at  invariant  point 
2,  the  metastable  extension  of  the  uni- 
variant curve  pararammelsbergite-ram- 
melsbergite-vapor  coincides  with  the  stable 
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Fig.  66.  Schematic  P-T  diagram  showing  the  univariant  curves  and  invariant  points,  1  and  2,  at 
the  NiAs,  inversions  if  the  T-X  relations  are  assumed  to  be  as  shown  in  the  inset  diagram  in  the  lower 
right  corner,   nc,  niccolite  (NiAs);  prm,  pararammelsbergite;  rm,  rammelsbergite;  V,  vapor. 
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part  of  the  pararammelsbergite-rammels- 
bergite-arsenic  univariant  curve,  and  con- 
versely, as  shown  in  figure  66.  The  uni- 
variant curves  pararammelsbergite-ram- 
melsbergite-niccolite     and     pararammels- 


curves.  Results  of  the  gold-tube  experi- 
ments are  shown  in  figure  67.  Extrapola- 
tion of  the  univariant  curves  to  a  pressure 
of  1  bar  gives  590  °C  and  approximately 
598°C  for  the  invariant  points  1  and  2, 
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Fig.  67.  P-T  diagram  showing  the  univariant  curves  pararammelsbergite-rammelsbergite—nicco- 
lite  and  pararammelsbergite-rammelsbergite-arsenic  as  determined  in  gold  tubes.  The  univari- 
ant curves  and  invariant  points  correspond  with  those  shown  in  figure  66.  Abbreviations  as  in 
figure  66. 


bergite-rammelsbergite-arsenic  show  the 
relative  effects  of  pressure  and  temperature 
on  the  inversion  when  the  polymorphs  are 
in  equilibrium  with  niccolite  and  arsenic, 
respectively.  Collapsible  gold  tubes  under 
an  external  pressure  greater  than  the  vapor 
pressure  were  used  to  determine  the  posi- 
tion  and   slope   of   these   two   univariant 


respectively.  The  volume  difference  (AF) 
of  the  two  polymorphs  is  0.612  cc/mole 
at  25°C,  and  dP/dT  equals  1000  bars/22°C 
(from  fig.  67) .  The  difference  in  enthalpy 
(AH)  of  the  two  polymorphs  calculated 
from  the  above  data  is  approximately  0.57 
kcal/molc  at  590°C. 
NiAs2    was    heated    with    arsenic    and 
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gersdorffite  (NiAs1.72S0.2s)  in  silica-glass 
tubes  for  450  days,  and  substitution  of  less 
than  1  weight  per  cent  sulfur  for  arsenic  in 
NiAs2  was  found  to  lower  the  inversion  to 
475°  ±  25°C. 

Specimens  of  rammelsbergite  from 
Cochabamba,  Bolivia,  and  from  Bou- 
Azzer,  Morocco,  were  heated  at  300°,  400°, 
460°,  and  600°C  under  a  confining  pressure 
of  2000  bars;  and  at  450°,  500°,  and  550°C 
under  a  confining  pressure  of  1000  bars. 
Pararammelsbergite  did  not  form  in  any 
of  these  experiments.  Apparently  solid 
solution  of  other  elements  (Co,  Fe,  or  S) 
lowers  the  inversion  of  these  specimens, 
though  not  necessarily  to  300  °C  because  at 
low  temperature  the  failure  to  invert  the 
specimens  to  pararammelsbergite  was 
probably  due  to  the  sluggishness  of  the  in- 
version. A  specimen  of  pararammelsbergite 
from  Schladming,  Germany,  inverted  to 
rammelsbergite  between  500°  and  525  °C 
at  2000  bars.  This  is  approximately  100° C 
below  the  inversion  of  pure  NiAs2  at  the 
same  pressure.  Again,  the  lower  inversion 
temperature  reflects  the  content  of  minor 
elements  in  solid  solution. 

The  System  Cu-Fe-S 
R.  A.  Yund  and  G.  Kullerud 

A  study  of  the  phase  relations  from  700° 
to  below  200  °C  in  the  area  bounded  by 
CuFeS2-FeS2-FeS  has  established  impor- 
tant mineralogical  relations  in  this  portion 
of  the  ternary  system.  Cubanite  (CuFe2S3) 
has  now  been  found  to  exist  in  three  stable 
modifications.  In  addition,  the  highest- 
temperature  polymorph  of  these  three, 
which  is  cubic  and  stable  above  approxi- 
mately 260°C,  seems  to  correspond  to  the 
mineral  chalcopyrrhotite,  whose  composi- 
tion has  not  been  definitely  established.  It 
was  not  possible  to  synthesize  a  phase  cor- 
responding to  the  alleged  copper-iron 
sulfide  mineral  valleriite  (CusFe^?).  The 
evidence  indicates  that  valleriite  either  con- 
tains elements  other  than  copper,  iron,  and 
sulfur  as  essential  constituents  or  is  only 
stable  below  200  °C. 


The  tetragonal-cubic  inversion  of  chal- 
copyrite  (Buerger  and  Buerger,  1934; 
Cheriton,  1952;  and  others)  was  recorded 
at  547°  ±  5°C  for  synthetic  chalcopyrite 
containing  the  maximum  amount  of  sulfur 
at  the  inversion  temperature.  This  value  is 
in  good  agreement  with  values  reported 
for  natural  chalcopyrite  by  other  investiga- 
tors. Synthetic,  tetragonal  chalcopyrite  in 
equilibrium  with  cubanite  inverts  to  the 
cubic  polymorph  at  approximately  480  °C. 
The  inversion  temperatures  over  the  entire 
solid  solution  field  have  not  been  studied. 

Two  polymorphic  inversions  in  cubanite 
have  been  investigated.  Cubanite  synthe- 
sized at  400  °C  from  a  bulk  composition 
of  CuFe2S3  contains  less  than  1  per  cent 
pyrrhotite  and  is  isostructural  with  cubic 
chalcopyrite.  An  X-ray  diffraction  powder 
pattern  identical  to  that  of  tetragonal  chal- 
copyrite is  obtained  when  this  material  is 
heated  below  260  °C  for  80  days.11  Natural 
orthorhombic  cubanite  inverts  to  the  tetrag- 
onal (?)  polymorph  when  heated  above 
200  °C,  and  this  in  turn  inverts  to  the  cubic 
modification  on  heating  to  270  °C.  Thus 
there  appear  to  be  three  stable  polymorphs 
of  cubanite:  orthorhombic  below  200 °C, 
tetragonal  (?)  between  200°  and  260°C, 
and  cubic  above  260  °C.  These  inversions 
have  not  been  reversed,  and  the  inversion 
temperatures  given  above  are  only  approxi- 
mate. Since  tetragonal  chalcopyrite  in 
equilibrium  with  cubanite  inverts  to  the 
cubic  modification  at  approximately  480 °C, 
the  crest  of  the  solvus  surface  between 
chalcopyrite  and  cubanite  must  be  above 
this  temperature.  The  position  of  the 
solvus  at  lower  temperature  is  currently 
being  investigated. 

Pyrrhotite  from  Nya  Kopparberget 
Mine,  Sweden  (U.  S.  National  Museum  no. 
R-718),  contains  flame-like  lamellae.  An 
X-ray  powder  pattern  of  the  specimen  from 
Nya  Kopparberget  indicates  that  the  pyr- 
rhotite is  partly  monoclinic.  After  heating 

11  From  textural  relations  of  natural  chalco- 
pyrite and  cubanite  intergrowths,  Ramdohr 
(1960)  suggests  that  there  is  a  hexagonal  poly- 
morph of  cubanite. 
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at  300  °C  for  8  days  the  monoclinic  reflec- 
tions are  no  longer  visible  and  the  lamellae 
have  disappeared.  Thus  the  lamellae  prob- 
ably represent  the  monoclinic  polymorph 
of  pyrrhotite,  which  has  been  identified  by 
other  investigators.  It  has  been  suggested 
(see  for  example  Ramdohr,  1960)  that 
similar  lamellae  in  other  specimens  repre- 
sent a  phase  of  essentially  FeS  composition 
that  has  exsolved  from  a  nickel-deficient 
pyrrhotite. 

The  System  Cu-Fe-0 
R.  A.  Yund  and  G.  Kullerud 

A  study  of  the  system  Cu-Fe-O  was 
undertaken  largely  because  of  its  role  in 
the  mineralogically  important  quaternary 
system  Cu-Fe-S-O.  The  study,  however, 
has  provided  interesting  results  concern- 
ing the  stability  of  native  copper  with  the 
iron  oxides  (magnetite  and  hematite)  in 
the  temperature  interval  from  800°  to 
400  °C.    Silica-glass    tubes   were   used    to 


determine  the  phase  relations,  which  are 
shown  at  800  °C  in  figure  68.  The  ternary 
phase  CuFe204  (tetragonal)  inverts  at  ap- 
proximately 760  °C  to  a  cubic  modification 
that  has  the  spinel  structure  (Weil,  Bertaut, 
and  Bochirol,  1950).  Preliminary  data  in- 
dicate that  both  CuFe02  and  tetragonal 
CuFe204  are  stable  below  300° C. 

Cuprite  (CU2O)  is  reported  to  break 
down  to  metallic  copper  and  tenorite 
(CuO)  below  375°C  (Vogel  and  Pocher, 
1929).  Our  experiments  indicate,  however, 
that  cuprite  is  stable  from  above  900°  to 
200 °C  and  presumably  also  at  lower  tem- 
perature. The  stability  of  cuprite  at  low 
temperature  agrees  with  the  geologic  oc- 
currence of  this  mineral,  since  it  is  re- 
stricted to  the  oxidized  zone  of  copper  de- 
posits where  it  must  have  formed  con- 
siderably below  375  °C. 

Solid  solution  in  all  phases  except  wiistite 
("FeO")  has  been  ignored  in  drawing  the 
phase  relations  shown  in  figure  68.  Solid 
solution    in    CuFe02     (delafossite)    and 


Tenorite 


.Hematite 
Magnetite 

Wiistite 


Cuprite 


Atomic  per  cent 
Fig.  68.    Isothermal  section  of  the  system  Cu-Fe-O  at  800°C. 
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CuFe204  appears  to  be  very  limited  at 
800  °C  from  a  comparison  of  their  d  values 
in  the  different  assemblages;  solid  solution 
must  exist  in  delafossite,  however,  since  it 
can  coexist  with  six  phases  (copper,  cuprite, 
tenorite,  CuFe204,  hematite,  and  magnet- 
ite), depending  on  the  bulk  composition. 

The  collinearities  of  cuprite-delafossite- 
hematite  and  tenorite-CuFe204-hematite 
prohibit  the  stable  coexistence  of  either 
copper  oxide  with  hematite  if  both  dela- 
fossite and  CuFe204  are  stable  at  low  tem- 
perature as  is  indicated  by  preliminary  ex- 
perimental data.  Geologic  occurrences  of 
tenorite-hematite  are  rare,  and  nearly  all 
cuprite-hematite  associations  are  probably 
cuprite-'limonite."  Tenorite-magnetite  or 
cuprite-magnetite  is  not  commonly  re- 
ported, and  these  assemblages  are  not  stable 
at  800  °C.  Native  copper-hematite  is  not  a 
common  association  in  hypogene  ores 
(McKinstry,  1959),  but  delafossite-native 
copper-hematite  has  been  reported  from 
the  oxidized  zone  of  Bisbee,  Arizona 
(Rogers,  1913).  The  possibility  of  a  tie- 
line  change  from  delafossite-magnetite 
(fig.  68)  to  copper-hematite  at  low  tem- 
perature is  being  investigated,  but  delafoss- 
ite-magnetite appears  to  be  the  stable  as- 
semblage to  at  least  400  °C. 

The  System  Cu-S-0 
G.  Kullerud  and  R.  A.  Yund 

The  phase  relations  in  the  system  Cu- 
S-O  have  been  determined  at  400  °C  and 


500  bars  in  collapsible  gold  tubes  where  a 
vapor  was  not  present,  and  at  250  °C  in 
silica-glass  tubes  in  equilibrium  with  vapor. 
Three  ternary  phases  have  been  reported 
in  the  system :  Q1SO4,  corresponding  to  the 
mineral  chalcoeyanite;  Cu2(S04)0,  cor- 
responding to  the  mineral  dolerophanite; 
and  Cu2S04,  which  has  not  been  reported 
as  a  mineral. 

The  copper-cuprite-chalcocite  assem- 
blage is  stable  under  the  conditions  of 
both  types  of  experiments.  A  liquid  field 
appears  at  250  °C  prohibiting  tie  lines  be- 
tween the  ternary  and  the  binary  phases 
(CuO,  Cu20,  Cu2S,  CuoSs,  and  CuS).  The 
univariant  assemblages  in  the  condensed 
system  are  Cu-Cu20-Cu2S,  CuO-Cu20-L, 
Cu20-Cu2Sss-L,  Cu2Sss-CuS-L,  and  CuS- 
L-Sl. 

Thus,  the  only  copper  sulfide  and  copper 
oxide  that  can  exist  in  equilibrium  with 
each  other  under  these  experimental  con- 
ditions are  cuprite  and  chalcocite.  Cuprite 
cannot  coexist  with  digenite  or  covellite, 
and  tenorite  cannot  coexist  with  chalcocite, 
digenite,  or  covellite.  The  phase  relations 
so  far  determined  show  that  cuprite  forms 
as  the  first  oxidation  product  from  chal- 
cocite, and  on  further  oxidation  chalcocite 
disappears  as  a  phase  and  tenorite  appears. 
Similarly  both  cuprite  and  tenorite  may 
form  by  oxidation  of  digenite  or  even 
covellite.  A  tie  line  between  chalcocite  solid 
solution  and  tenorite  may  exist  below 
200°C. 


METEORITES 

P.  Ramdohr12  and  G.  Kullerud 


Mineralogy  and  textural  relations  as  ob- 
served in  polished  sections  have  been 
studied  in  only  a  few  stony  meteorites. 
Detailed  microscopic  studies  in  combina- 
tion with  systematic  laboratory  investiga- 
tions of  the  mineral  systems  occurring  in 
meteorites  should  yield  significant  results 
bearing  on  the  origin  and  later  history  of 

12  University  of  Heidelberg. 


these  extraterrestrial  bodies.  At  this 
Laboratory  ten  meteorites  (listed  in  table 
7)  have  now  been  studied  in  polished  sec- 
tions; they  include  one  stony  iron  and  nine 
stones. 

The  mineralogy  of  these  meteorites  is 
much  more  complicated  than  was  expected 
before  this  investigation.  A  number  of 
minerals,  common  in  many  ores  but  not 
earlier  reported  in  meteorites,  were  recog- 
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nized  at  the  very  outset.  Several  entirely 
new  minerals  were  discovered,  and  their 
exact  compositions  are  now  being  deter- 
mined. 

Comparisons  of  the  mineral  associations 
found  in  many  of  these  meteorites  with  the 
assemblages  of  stable  compounds  in  certain 
synthetic  systems  indicate  lack  of  equi- 
librium even  over  short  distances. 


TABLE  7. 

Meteorites   Studied   in  Polished 

Sections 

Name  of 
Meteorite 

Classification 

Abee 

Mesosiderite 

Mighei 

Carbonaceous  chondrite 

Mokoia 

Carbonaceous  chondrite 

Murray 

Carbonaceous  chondrite 

Holbrook 

Spherical  hypersthene  chondrite 

Warrenton 

Spherical  hypersthene  chondrite 

Saint  Mark's 

Spherical  chondrite 

Vigarano 

Black  spherical  chondrite 

Renazzo 

Black  chondrite 

Karoonda 

Gray  olivine  chondrite 

Of  the  minerals  we  observed  in  these 
meteorites,  excluding  the  transparent  sili- 
cates, the  following  are  well  known  also 
from  earlier  studies:  iron,  taenite,  cement- 
ite  (cohenite),  schreibersite,  pyrrhotite 
(not  always  of  troilite  composition),  mag- 
netite, ilmenite,  "oldhamite,"  "alabandite," 
spinel,  graphite,  osbornite  (?),  chromite, 
and  copper. 

Pure  oldhamite  has  CaS  composition, 
and  pure  alabandite  has  MnS  composition. 
The  "oldhamite"  and  "alabandite"  ob- 
served in  these  meteorites,  however,  often 
contain  large  amounts  of  iron  and  should 
more  correctly  be  formulated  (Ca,Fe)S 
and  (Mn,Fe)S,  respectively. 


Abundant  exsolution  lamellae  of  pyr- 
rhotite commonly  parallel  to  (111)  and 
rarely  parallel  to  (100)  were  noted  in  some 
"oldhamite"  grains.  The  optical  properties 
of  the  "alabandite"  are  very  different  from 
those  of  pure  MnS  but  appear  identical 
with  those  of  the  iron-alabandites  described 
by  Ramdohr  (1952,  1957)  from  the  Buhl 
basalt  and  from  the  Oberschaffhausen 
phonolite,  which  contain  about  equal 
amounts  of  iron  and  manganese. 

The  minerals  pentlandite,  pyrite,  valleri- 
ite,  chalcopyrite,  and  bravoite,  which  are 
well  known  from  ore  deposits,  were  all 
observed  in  polished  sections.  Of  these, 
pentlandite  has  only  very  recently  been 
mentioned  as  a  mineral  in  the  Kaba  mete- 
orite by  Sztrokay  (1960).  Pauly,  in  a  re- 
port still  in  press,  mentions  the  occurrence 
of  pentlandite,  valleriite,  and  chalcopyrite 
in  certain  meteorites. 

Pyrite  and  bravoite  have  not  previously 
been  reported  as  constituents  of  meteorites. 

Pentlandite  appears  to  be  a  common 
mineral  in  three  meteorites  and  rather  rare 
in  the  others.  It  appears  to  occur  where  the 
sulfur  content  is  relatively  high,  i.e.,  where 
native  iron  is  either  absent  or  present  in 
only  very  small  amounts. 

Valleriite  occurs  as  an  unmixing  product 
from  the  pentlandite  phase,  and  sometimes 
exceeds  the  amount  of  the  remaining 
pentlandite.  The  pentlandite-valleriite  re- 
lations in  these  meteorites  are  very  similar 
to  those  observed  in  the  Bushveld  ores. 
Some  pyrite  appears  to  be  of  primary  oc- 
currence, whereas  most  has  formed 
through  superficial  alteration,  oxidation  of 
pyrrhotite,  etc. 

A  number  of  additional  minerals,  some 
new,  have  been  observed  in  these  meteor- 
ites and  are  being  investigated  more  fully. 


IRON  METEORITES 

S.  P.  Clar\,  Jr. 

During  the  past  year  studies  pertinent  tions  in   the  system  Fe-Ni-S  have  been 

to  an  understanding  of  the  phases  present  carried  out,  and  work  on  the  equally  im- 

in  iron  meteorites  have  been  continued,  portant  system  Fe-Ni-P  has  been  started. 

Further  investigations  of  subsolidus  rela-  The   studies   in   the   sulfide   system   have 
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indicated  the  need  for  a  substantial  revision 
of  some  of  the  results  presented  in  last 
year's  report. 

In  the  system  Fe-Ni-P,  it  is  of  interest 
to  know  the  composition  of  the  schreiber- 
site,  (Fe,Ni)3P,  in  equilibrium  with  both 
kamacite  and  taenite  as  a  function  of  tem- 
perature. This  phase  is  nearly  as  common 
as  troilite,  (Fe,Ni)S,  in  meteorites.  Fur- 
ther reason  to  study  the  system  Fe-Ni-P 
results  from  the  important  recent  discovery 
by  E.  C.  T.  Chao  of  the  U.  S.  Geological 
Survey  that  tektites  contain  globules  of 
nickel-iron.  Microscopic  examination  of 
these  globules  by  Chao  and  by  B.  J. 
Skinner,  also  of  the  Geological  Survey,  re- 
vealed minute  grains  of  a  second  phase, 
tentatively  identified  as  a  higher  phosphide 
of  iron-nickel.  Its  synthesis  in  the  labora- 
tory is  necessary  to  confirm  its  identity  and 
to  establish  its  composition,  and  work  upon 
it  is  continuing. 

The  System  Fe-Ni-S 

Experiments  designed  to  determine  the 
location  of  the  three-phase  field  troilite, 
pentlandite,  and  taenite  at  700°  and  800  °C 
showed  that  the  troilite  in  equilibrium 
with  the  other  two  phases  contained  less 
than  1  per  cent  nickel.  This  finding  is 
inconsistent  with  the  results  presented  last 
year,  which  indicated  that  the  troilite  in 
equilibrium  with  kamacite  and  taenite  con- 
tained more  than  1  per  cent  nickel  at  these 
temperatures.  The  earlier  results  are  in 
error  partly  because  equilibrium  was  not 
attained  in  some  of  the  experiments  and 
partly  because  of  a  misidentification  of  a 
phase. 

A  metastable  phase,  denoted  a2,  is 
formed  in  the  Fe-Ni  system  when  certain 
alloys  having  the  y  (taenite)  structure  at 
high  temperature  are  quenched.  This  phase 
apparently  has  the  same  composition  as 
the  y  alloy  from  which  it  was  formed,  but 
it  has  the  same  structure  as  the  stable  a 
(kamacite)  alloy.  The  distinction  between 
a  and  c?2  is  based  on  the  diffuseness  of  the 
X-ray  lines  in  the  back-reflection  region. 


Probably,  many  of  the  runs  stated  in  last 
year's  report  to  contain  the  a  phase  actually 
contained  a2.  The  nickel  content  of  the 
troilite  in  equilibrium  with  both  kamacite 
and  taenite  must  be  much  less  than  was 
stated.  It  can  hardly  exceed  a  few  tenths 
of  a  per  cent  at  ^00°  and  800-°C,  and  it 
may  not  be  detectable  without  special 
microanalytical  procedures.  No  quantita- 
tive information  is  yet  available,  because 
the  time  required  for  coexisting  phases  to 
attain  their  equilibrium  Fe/Ni  ratios  has 
proved  to  be  unexpectedly  long.  Equi- 
librium is  apparently  not  attained  in  1  year 
at  500°C. 

The  System  Fe-Ni-P:  X-Ray  Determina- 
tive Curve  for  Schreibersite 

Naturally  occurring  schreibersite  is  part 
of  a  continuous  solid  solution  between 
Fe3P  and  Ni3P.  The  ratio  Ni/(Fe  +  Ni) 
is  commonly  in  the  range  0.2  to  03.  Schrei- 
bersite is  tetragonal  with  the  DOe(Ni3P) 
structure  type. 

Compositions  along  the  join  between 
Fe3P  and  Ni3P  were  made  by  mixing  the 
proper  amount  of  purified  red  phosphorus 


4  470 
4  460 


Ni/Fe  +  Ni  ,  weight   per  cent 

Fig.    69.    Unit    cell    parameters    and    deter- 
minative curve  for  cobalt-free  schreibersite. 
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with  iroii -nickel  alloys  having  f>Ji/(Fe  + 
Ni)  ratios  ranging  from  0  to  about  0.4. 
The  dimensions  of  the  unit  cells  were  de- 
termined from  the  d  values  of  the  321,  411, 
and  112  reflections,  using  CaF2  as  an  in- 
ternal standard.  Results  are  shown  in 
figure  69.  - 

The  length  of  the  c  axis  does  not  change 
measurably  with  nickel  content  until  the 
ratio  Ni/(Fe  +  Ni)  exceeds  about  0.3.  It 
then  decreases  with  increasing  nickel  con- 
tent. The  length  of  the  a  axis  decreases 
linearly  with  increasing  nickel  content 
throughout  the  range  of  composition  in- 


vestigated. Clearly  a  reflection  that  is 
strongly  influenced  by  the  length  of  the  a 
axis  will  be  most  suitable  for  determinative 
purposes,  and  of  the  strong  reflections  411 
appears  to  be  the  most  satisfactory.  By 
means  of  the  curve  shown  at  the  bottom 
of  figure  69,  the  nickel  content  of  synthetic 
schreibersite  can  be  determined  with  a 
precision  somewhat  better  than  1  per  cent. 
Natural  schreibersite  contains  some  cobalt, 
and  until  its  effect  on  the  cell  dimensions  is 
established  the  curve  should  be  applied  to 
natural  material  with  strong  reservations, 
if  at  all. 


GEOTHERMAL  STUDIES 

S.  P.  Clark,  Jr. 

In  last  year's  report  the  problem  of  esti-  tions .  be  greatly  increased,  since  much  of 
mating  the  temperatures  at  great  depths  the  uncertainty  in  the  interpretation  results 
in  the  earth  was  discussed  at  considerable  from  insufficient  data, 
length.  It  was  argued  that  the  temperatures  Two  separate  investigations  of  heat  flow 
below  a  depth  of  1000  km  or  so  can  have  were  carried  out  during  the  year.  In  a 
changed  but  little  in  the  lifetime  of  the  theoretical  study  the  effect  on  the  heat  flow 
earth,  and  that  the  temperatures  today  of  upward  concentration  of  radioactivity 
must  be  within  a  few  hundred  degrees  of  was  investigated.  It  was  found  that  when 
those  established  in  the  earth's  early  his-  account  is  taken  of  radioactive  decay  the 
tory.  These  "initial"  temperatures  cannot  radiogenic  heat  flow  at  the  surface  is  sub- 
be  calculated  from  the  theory  of  heat  con-  stantially  the  same  as  the  heat  produced  at 
duction;  they  resulted  from  causes  that  present  in  the  outer  few  hundred  kilo- 
were  probably  numerous  and  complex,  and  meters  of  the  earth.  Hence  upward  con- 
that  are  but  vaguely  understood  at  present,  centration  has  little  effect  on  the  thermal 
Until  more  satisfactory  models  of  the  pri-  flux.  In  a  separate  study  heat  flow  was 
mordial  earth  become  available,  little  im-  measured  at  two  points  in  the  Austrian 
provement  in  estimates  of  temperatures  at  Alps.  The  results  are  in  good  agreement 
great  depths  can  be  expected.  with  two  of  the  three  determinations  in 

Near  the  surface  of  the  earth  the  extra-  Switzerland;  they  indicate  that  a  large  part 
polation  from  observed  data  is  not  so  great  of  the  Alpine  chain  is  characterized  by 
and  more  definite  results  can  be  obtained,  higher  than  average  heat  flow. 
The  starting  point  in  these  investigations  The  calculation  of  temperature  from  ob- 
is the  heat  flow  observed  at  the  sur-  servations  of  heat  flow  requires  assump- 
face  of  the  earth.  This  important  quantity  tions  about  the  distribution  of  heat  produc- 
has  been  measured  at  only  about  fifty  tion  and  thermal  conductivity  with  depth, 
places  in  the  continents  and  at  more  than  Attention  has  thus  far  been  restricted  to 
a  hundred  oceanic  stations.  Of  the  conti-  temperatures  in  the  continental  crust.  The 
nental  values,  only  five  are  in  the  United  major  conclusion  has  been  that  tempera- 
States.  There  are  no  measurements  in  the  tures  at  a  given  depth  beneath  the  conti- 
Appalachians,  and  the  entire  continent  of  nents  vary  widely  from  place  to  place.  This 
South  America  is  unsampled.  It  is  highly  variability  is  demanded  by  the  large  range 
desirable  that  the  number  of  determina-  of  heat  flow  observed:  it  cannot  be  elimi- 
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nated  by  any  plausible  assumptions  about  expect  the  heat  flows  in  the  two  regions 

conductivity  and  heat  production  in  the  to  be  the  same   provided  that  the  total 

crust.   Along  with  the  variability  of  tern-  amount  of  radioactivity  in  the  outermost 

perature,  large-scale  inhomogeneities  in  the  few  hundred  kilometers  is  the  same  be- 

distribution    of    uranium,    thorium,    and  neath  the  two  places.  Hence  the  observed 

potassium  in  the  crust  are  implied  by  the  variability  of  heat  flow  at  the  surface  can- 

geothermal  results.   This  raises  the  ques-  not  be  attributed  to  different  degrees  of 

tion  of  the  extent  to  which  other  elements  upward  concentration  of  radioactivity  in 

may  be  inhomogeneously  distributed,  and  the  outer  few  hundred  kilometers  of  an 

also  the  question  of  how  such  distributions  initially  homogeneous  earth, 
might  arise. 

Heat  Flow  in  Austria 

Effect  of  Upward  Concentration  of  ,                  .    .                   . .  .          .,       , 

Radioactivity  on  Heat  Flow  In  some  of  the  major  Alpine  railroad 

tunnels  in  Switzerland  and  Austria  meas- 

This  question  was  investigated  by  con-  urements    of    underground    temperatures 

sidering  the  following  model.    The  earth  were  made  as  the  work  progressed.  These 

is  assumed  to  be  initially  cold  and  to  have  data,  when  combined  with   the  thermal 

heat  produced  uniformly  in  a  layer  extend-  conductivity  of  the  rock  between  the  tunnel 

ing  from  the  surface  to  some  fixed  depth,  and  the  surface,  can  yield  measurements  of 

The  heat  production  is  assumed  to  vary  terrestrial  heat  flow.  Heat  flows  have  previ- 

exponentially   with   time,   as   is   true   for  ously  been  determined  in  the  three  great 

radioactive  generation  of  heat.  With  these  Swiss  tunnels,  the  Gotthard,  Loetschberg, 

assumptions  the  equation  of  heat  conduc-  and  Simplon  (Clark  and  Niblett,  1956). 

tion  can  be  solved  to  give  the  heat  flow  at  During  the  summer  of  1960  an  opportunity 

the  surface  (see,  for  example,  Jacobs,  1956) .  to  visit  the  Alps  presented  itself,  and  col- 

The  solution,  in  the  form  of  a  slowly  con-  lections  of  rocks  from  the  vicinities  of  the 

vergent    infinite    series,    has    been    pro-  Arlberg  and  Tauern  tunnels  in  Austria 

grammed  for  calculation  on  an  IBM  704  were  made.   Heat  flows  have  been  deter- 

digital  computer.  mined  at  these  localities,  raising  to  five 

The  results  can  be  usefully  expressed  as  the  number  of  such  measurements  in  the 

the  ratio  of  total  heat  lost  by  the  earth  to  Alps.   For  no  other  mountain  chain  is  so 

total  heat  produced.  When  plausible  values  much  geothermal  information  available, 

of  the  decay  constants,  proportions  of  radio-  The  geothermal  gradient  in  the  Arlberg 

active  elements,  and  age  of  the  earth  are  tunnel  ranges  from   16.70°  ±  0.75°C/km 

inserted,  it  is  found  that  this  ratio  slightly  to  19.68°  ±  0.94°C/km,  depending  on  the 

exceeds    1    for    radioactive    shells    a    few  model  adopted  for   the  evolution  of  the 

hundred  kilometers  thick.  As  the  thickness  Alpine  topography.  In  the  Tauern  tunnel 

of  the  shell  is  decreased  the  ratio  passes  the  situation  is  complicated  by  the  fact  that 

through  a  broad  maximum  and  approaches  temperatures  near  the  north  portal  appear 

unity  as  the  thickness  approaches  zero.  to  be   abnormally  low.    The    anomalous 

Two  principal  conclusions  can  be  drawn  values  may  be  caused  by  unusually  low 

from  this  work.    Clearly  no  information  surface  temperatures  on  the  north-facing 

about  the  vertical  distribution  of  radioac-  cliffs  in  this  vicinity  and  by  anisotropy  of 

tivity  in  the  outermost  few  hundred  kilo-  thermal  conductivity  of  the  rocks,  which 

meters  of  the  earth  can  be  inferred  from  tends   to   funnel   heat   toward   the   cliffs, 

observations  of  heat  flow.    Second,  if  up-  Gradients  calculated  retaining  the  observa- 

ward  concentration   of  radioelectricity  in  tions  of  temperature  near  the  portal  are 

one  region  has  been  extreme  and  in  an-  about  7  per  cent  higher  than  those  found 

other  region  slight,  we  should  nevertheless  when  these  data  are  rejected.    The  total 
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range  of  gradients  in  this  tunnel  is 
19.98°  ±  1.37°C/km  to  26.42°  ±  1.88°C/ 
km. 

The  rocks  in  the  vicinity  of  the  Arlberg 
tunnel  are  micaceous  gneisses  and  phyllites. 
The  foliation  dips  almost  vertically,  and 
the  heat  flow  must  be  calculated  from  the 
thermal  conductivity  in  the  direction  paral- 
lel to  the  foliation.  The  mean  of  seven 
measurements  is  10.74  ±  0.37  X  10-3  cal/ 
cm  sec  °C;  this  should  be  increased  to 
11.00  ±  0.37  X  10"3  cal/cm  sec  °C  because 
of  the  difference  between  the  temperature 
of  the  specimens  when  the  conductivity 
was  measured  and  the  mean  temperature 
between  the  tunnel  and  the  surface. 
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Fig.  70.  Outline  map  of  Switzerland  and 
Austria  showing  the  locations  of  the  tunnels  in 
which  heat  flow  has  been  determined.  The 
Loetschberg,  Simplon,  Gotthard,  Arlberg,  and 
Tauern  tunnels  are  identified  by  their  initials; 
the  numbers  give  the  heat  flow  in  units  of  10-6 
cal/cm2  sec. 

Near  the  Tauern  tunnel  the  rocks  are 
granitic  gneisses.  The  mean  dip  of  the 
foliation  is  about  40°  ±  10°,  and  the  verti- 
cal component  of  the  conductivity  is  7.68  ± 
0.37  X  10~3  cal/cm  sec  °C.  The  tempera- 
ture correction  increases  this  value  to 
7.83  ±  0.37  X  10-3  cal/cm  sec  °C. 

From  these  figures  the  heat  flow  in  the 
Arlberg  tunnel  is  found  to  be  1.9  ±  0.2  X 
10~6  cal/cm2  sec;  that  in  the  Tauern  is 
1.8  ±  0.2  X  10~6.  Most  of  the  uncertainty 
arises  from  imperfect  knowledge  of  the 
physiographic  history  of  the  Alps.  These 
results  and  those  of  the  previous  work 
(Clark  and  Niblett,  1956)  are  summarized 
in  figure  70.  Since  the  physiographic  his- 


tories of  the  regions  in  the  vicinities  of  each 
tunnel  were  probably  closely  similar,  the 
results  shown  in  the  figure  can  be  com- 
pared without  regard  for  the  relatively 
large  absolute  uncertainties  affecting  all  the 
determinations.  The  heat  flows  in  the 
Loetschberg,  Arlberg,  and  Tauern  tunnels 
are  closely  similar,  but  the  value  in  the 
Simplon  is  somewhat  higher.  This  differ- 
ence, although  probably  real,  is  not  large. 
In  the  Gotthard,  however,  the  heat  flow  is 
decidedly  less  than  in  the  other  tunnels. 
No  satisfactory  explanation  of  this  anomaly 
has  been  found. 

Before  the  Austrian  results  were  ob- 
tained it  was  not  known  whether  the  heat 
flow  in  the  Gotthard  or  the  higher  values 
in  the  Simplon  and  Loetschberg  were  more 
nearly  representative  of  the  Alps  as  a 
whole.  The  new  data  show  clearly  that  the 
heat  flow  in  the  Gotthard  must  be  regarded 
as  anomalous.  The  mean  heat  flow  in  the 
Alps  appears  to  be  decidedly  higher  than 
the  heat  flow  usually  encountered  in  low- 
lying  regions. 

Temperatures  in  the  Continental  Crust 

The  calculation  of  crustal  temperatures 
from  observations  of  heat  flow  at  the  sur- 
face is  greatly  facilitated  if  it  may  be  as- 
sumed that  temperatures  in  the  crust  are 
quasi-stationary.  By  this  it  is  meant  that 
the  temperatures  change  with  time  so 
slowly  that  the  heat  capacity  of  the  crustal 
rocks  may  be  neglected.  This  assumption 
will  not  be  directly  applicable  in  regions 
of  recent  orogenesis,  uplift,  and  erosion; 
of  recent  rapid  sedimentation;  or  of  recent 
magmatic  or  hydrothermal  activity.  But, 
since  the  thermal  time  constant  of  the  crust 
is  of  the  order  of  107  years,  quasi-stationary 
conditions  are  re-established  a  few  tens  of 
millions  of  years  after  such  disturbing 
processes  have  ceased.  It  is  often  possible 
to  correct  for  known  disturbances;  correc- 
tion for  the  influence  of  uplift  and  erosion 
on  underground  temperatures  in  moun- 
tainous regions  is  an  example.  Hence,  the 
assumption  of  quasi-stationary  conditions 
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may  be  expected  to  be  valid  in  a  large  num- 
ber of  specific  cases. 

Neglect  of  the  heat  capacity  of  the  crust 
makes  it  possible  to  handle  nonlinear 
forms  of  the  equation  of  heat  conduction 
with  ease.  If  the  temperature,  T,  depends 
only  on  the  depth,  x,  and  time,  t,  a  first 
integral  of  the  equation  is 

K(T)^=  -foP(*',t)dx'  +  Q(t) 

where  K  is  thermal  conductivity,  P  is  the 
rate  of  heat  generation,  and  Q  is  the  heat 
flow  at  the  surface  (x  =  0). 

This  equation  can  be  solved  for  explicit 
expressions  for  the  heat  production  and 
thermal  conductivity.  We  are  interested 
in  conditions  at  the  present  time,  and,  since 
the  heat  capacity  of  the  crust  is  already 
neglected,  the  time  dependences  of  P  and 
Q  may  also  be  neglected.  A  simple  and 
useful  assumption  is  to  take  P  equal  to 
Po(l  —  ax).  This  allows  for  some  concen- 
tration of  radioactivity  toward  the  top  of 
the  crust;  any  crustal  layers  that  might  be 
present  are  smoothed  over  on  this  model. 

Theoretical  calculations  of  the  thermal 
conductivity  of  dielectric  solids  at  high 
temperatures  lead  to  a  relation  of  the  form 
K  =  {AT  +  B)~\  where  A  and  B  are 
constants.  The  work  of  Birch  and  Clark 
(1940)  on  the  thermal  conductivity  of  rocks 
at  high  temperatures  confirms  this  predic- 
tion to  a  first  approximation  at  least.  If 
this  form  is  adopted  for  K,  the  complete 
solution  to  the  equation  of  heat  conduction 


is 


1     1      (AT  4-1 


) 

-t('-t)+s 


if  the  temperature  at  the  surface  is  always 
zero. 

Three  crustal  models  have  thus  far  been 
examined.  The  first,  model  A,  may  be 
termed  the  "acid  igneous"  model;  P  is 
assumed  independent  of  depth,  and  K  de- 
creases from  0.0091  cal/cm  sec  °C  at  0°C 
to  0.0051  cal/cm  sec  °C  at  500°C.  These 


conductivities  might  be  found  in  quartz- 
rich  granites  or  granitic  gneisses  at  the 
given  temperatures.  A  second  "mixed" 
model  (model  B)  assumes  acid  rocks  near 
the  surface  and  more  basic  rocks  at  depth. 
P  decreases  linearly  with  depth,  and  K 
goes  from  0.010  cal/cm  sec  °C  at  0°C  to 
0.004  cal/cm  sec  °C  at  500°C.  This  is  a 
rough  representation  of  a  crust  with  in- 
creasing admixture  of  basic  material  at 
depth.  Finally,  a  conventional  model 
(model  C)  with  uniform  conductivity  and 
heat  production  is  included  for  the  sake  of 
contrast. 

Calculations  were  made  for  surface  heat 
flows  of  0.7  X  10~6  cal/cm2  sec  and  2.0  X 
10"6  cal/cm2  sec.  These  are  approximately 
the  extreme  values  recorded  thus  far  in 
continental  regions.  The  thickness  of  the 
crust  was  always  taken  to  be  35  km.  On 
this  model  an  upper  limit  to  the  mean  heat 
production  is  set  by  the  heat  flow.  If 
Q  =  0.7  X  10~6  cal/cm2  sec,  the  mean 
value  of  P  cannot  exceed  2  X  10-13  cal/cm3 
sec;  for  the  higher  value  of  Q,  average  P 
must  be  less  than  5.7  X  10~13  cal/cm3  sec. 

Results  of  the  calculations  are  given  in 
table  8.  Perhaps  the  most  conspicuous  fea- 
ture of  the  temperatures  there  is  the  lack 
of  overlap  between  the  calculations  for  the 
two  values  of  Q.  It  appears  that  no  per- 
missible adjustment  of  the  conductivity 
and  heat  production  can  bring  the  tempera- 
tures into  agreement  in  these  two  cases. 
The  thermal  conductivities  of  crustal  rocks 
show  a  relatively  narrow  range,  especially 
at  high  temperatures.  Mean  values  of  heat 
production  higher  than  those  used  in  the 
table  for  Q  =  2.0  X  10~6  cal/cm2  sec  are 
rare  in  large  masses  of  rock,  although  indi- 
vidual specimens  may  have  higher  values. 
In  the  case  of  low  heat  flow,  the  heat 
production  in  the  crust  must  be  in  a  range 
characteristic  of  basic  rocks  rather  than 
acidic  rocks. 

It  is  interesting  to  compare  the  tempera- 
tures in  the  second  half  of  table  8  with  the 
melting  relations  of  rocks  under  high  pres- 
sures of  water.  Yoder  (Year  Book  55,  p. 
170)  has  published  curves  showing  that  the 
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beginning  of  melting  of  both  granite  and 
basalt  takes  place  well  below  900  °C  if  the 
water  pressure  exceeds  2000  bars.  Since 
deep  crustal  rocks  are  unlikely  to  be  com- 
pletely anhydrous,  it  seems  reasonable  to 
expect  melting  in  the  range  of  temperature 
between  700°  and  900  °C.  Hence  the  tem- 
peratures in  the  last  row  of  table  8  imply 
that  a  large  amount  of  liquid  has  been 
formed  near  the  base  of  the  crust.  It  seems 
likely  that  such  a  mass  of  magma  would 


the  heat  flow  at  the  surface  is  specified. 
The  temperature  in  the  continental  crust 
is  not  a  single-valued  function  of  depth. 
Second,  there  appears  to  be  large-scale 
heterogeneity  in  the  distribution  of  the 
heat-producing  elements,  uranium,  tho- 
rium, and  potassium,  in  the  crust.  This 
heterogeneity  is  superimposed  on  the  fine- 
scale  variability  encountered  when  the 
radioactivity  of  many  samples  from  a  par- 
ticular rock  unit  is  determined. 


TABLE  8.   Temperatures  at  Three  Depths  According  to  Several  Crustal  Models 


Model  A 

Model  B 

Model  C 

Depth, 
km 

P, 

10-1:3 

cal/cm3 
sec 

K, 

cal/cm 
sec  °C 

T, 

°C 

P, 
10-i:3 

cal/cm3 
sec 

cal/cm 
sec   C 

T, 
°C 

P, 

10-13 

cal/cm3 
sec 

cal/cm 
sec  °C 

T, 
°C 

I.     0  = 

=  0.7  X  10- 

6  cal/cm2  sec 

5 

2.0 

0.0085 

40 

3.6 

0.0090 

35 

2.0 

0.005 

65 

20 

2.0 

.0077 

120 

1.7 

.0079 

90 

2.0 

.005 

200 

35 

2.0 

.0074 

150 

0 

.0077 

100 

2.0 

.005 

245 

5 

1.0 

.0085 

40 

2.7 

.0090 

35 

1.0 

.005 

70 

20 

1.0 

.0074 

145 

1.9 

.0077 

100 

1.0 

.005 

240 

35 

1.0 

.0067 

235 
II.    Q-- 

1.0 
=  2.0  X  10" 

.0074 
6  cal/cm2  sec 

120 

1.0 

.005 

370 

5 

5.0 

0.0077 

115 

6.3 

0.0076 

105 

5.0 

0.005 

185 

20 

5.0 

.0054 

435 

4.1 

.0043 

440 

5.0 

.005 

600 

35 

5.0 

.0046 

620 

2.0 

.0033 

690 

5.0 

.005 

790 

5 

3.0 

.0077 

115 

4.7 

.0075 

110 

3.0 

.005 

195 

20 

3.0 

.0051 

505 

3.9 

.0047 

505 

3.0 

.005 

680 

35 

3.0 

.0037 

930 

3.0 

.0027 

895 

3.0 

.005 

1035 

make  its  presence  known  through  volcanic 
activity,  and  the  absence  of  such  surface 
manifestations  implies  temperatures  lower 
than  those  in  the  last  row  of  table  8.  This 
in  turn  implies  that  the  mean  crustal  heat 
production  is  higher  in  regions  of  high 
heat  flow  than  in  regions  of  low  thermal 
flow. 

From  these  geothermal  data  comes  the 
suggestion  that  two  types  of  large-scale 
heterogeneity  exist  in  the  continental  crust. 
The  first  concerns  the  temperature.  The 
often-asked  question  about  what  the  tem- 
perature might  be  at  a  given  depth  cannot 
be  answered,  even  approximately,  unless 


Most  previous  analyses  of  geothermal 
data  have  emphasized  the  uniformity  of 
measured  heat  flow;  statements  such  as 
"the  majority  of  the  determinations  fall 
within  50  per  cent  of  1.2  X  10"6  cal/cm2 
sec"  are  characteristic  of  this  approach.  But 
this  statement  itself  implies  that  two  de- 
terminations may  differ  from  each  other  by 
a  factor  of  3,  and  this  nonuniformity  may 
have  most  important  geodynamic  conse- 
quences. Metamorphism  and  fusion  of 
crustal  rocks  may  be  taking  place  today 
beneath  regions  of  high  heat  flow  such  as 
the  Alps.  But  this  condition  is  not  general; 
in  most  of  the  crust  the  temperatures  are 
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hundreds  of  degrees  lower.  This  is  con- 
sistent with  the  geologic  observation  that 
metamorphism  is  confined  to  belts. 

The  large-scale  heterogeneity  of  crustal 
radioactivity  that  was  inferred  from  the 
observations  of  heat  flow  is  interesting  be- 
cause of  the  questions  it  raises.  If  naturally 
radioactive  elements,  one  of  which  is  a 
major  constituent  in  the  crust,  are  dis- 
tributed in  this  way,  what  is  the  distribu- 
tion of  other  elements?  How  might  such 
heterogeneities  occur,  and,  if  they  are  pres- 
ent, what  light  can  they  shed  on  the  evolu- 
tion of  the  earth's  crust? 

A  final  question  concerned  with  sub- 
crustal  phenomena  merits  mention.    The 


arguments  in  favor  of  crustal  heterogeneity 
that  have  been  presented  are  valid  whether 
or  not  heat  is  supplied  uniformly  to  the 
base  of  the  crust.  But  some  regions  of  high 
heat  flow  may  be  regions  of  high  heat  pro- 
duction in  the  mantle  as  well  as  the  crust, 
and  conversely  for  regions  of  low  thermal 
flux.  The  pattern  of  surface  heat  flow 
in  the  Pacific  Ocean  demands  that  the 
flux  from  the  mantle  differ  from  place  to 
place.  To  what  extent  is  this  also  true 
beneath  the  continents?  It  does  not  appear 
likely  that  this  question  can  be  answered 
until  heat  flow  can  be  contoured  on  an 
interval  of  0.1  X  10~6  cal/cm2  sec  or  less. 
Hundreds  of  new  determinations  must  be 
made  before  this  can  be  done. 


THE  AGES  OF  ROCKS  AND  MINERALS 
G.  L.  Davis,  G.  R.  Tilton,  B.  R.  Doe,  L.  T.  Aldrich,™  and  S.  R.  Hart 13 

It  is  essential  that  the  numbers  obtained  dating  has  been  established.  These  min- 
as  a  result  of  age  determination  analyses  erals  contain  enough  potassium  for  analysis 
be  viewed  in  proper  perspective.  These  and  appear  to  retain  radiogenic  argon  as 
numbers,  often  referred  to  as  absolute  ages,  well  as  biotites  do.  In  a  number  of  samples 
are  based  on  direct  analytical  measure-  the  argon  retention  is  greater  than  for 
ments  and  modified  only  by  well  known  biotites  under  metamorphic  conditions, 
laws  of  radioactive  decay.  To  relate  abso-  Previously,  mafic  and  intermediate  rocks 
lute  ages  to  the  time  of  an  event  many  had  not  been  considered  suitable  unless 
millions  of  years  ago  involves  assumptions  they  contained  mica,  but  these  rocks  com- 
about  what  may  have  happened  during  monly  have  an  amphibole  or  pyroxene,  or 
the  long  interval  between  then  and  now.  both.  Ages  can  be  determined  with  suf- 
The  search  for  information  leading  to  bet-  ficient  accuracy  for  all  these  rocks  older 
ter  assessment  of  these  assumptions  con-  than  late  Tertiary  samples.  They  provide 
tinues  through  the  studies  of  the  am-  another  parameter  to  aid  in  solving  the 
phibole  and  pyroxene  minerals  (Hart)  and  geologic  history  of  areas  affected  by  one  or 
comparison  of  laboratory  results  with  the  more  periods  of  metamorphism. 
deductions  of  geological  field  studies  (with  About  thirty  amphiboles  and  pyroxenes 
Schreyer).  In  addition,  studies  have  been  have  been  analyzed  for  potassium  and 
initiated  on  the  behavior  of  the  isotopes  argon.  Most  were  hornblendes,  but  sam- 
of  lead  under  specific  conditions  of  meta-  pies  of  tremolite,  actinolite,  riebeckite, 
morphism  (Doe)  and  the  radioactivity  of  augite,  and  hypersthene  were  included, 
rocks  that  may  have  come  from  the  earth's  From  most  of  the  localities,  previously  de- 
mantle,  termined  mica,   feldspar,  or   zircon  ages 

were  available  for  comparison.  Eleven 
hornblende  samples  were  compared  with 
potassium-argon  ages  for  biotites.  The 
hornblende  ages  were  greater  in  five  cases, 
the  same  in  four,  and  in  two  others  were 
less  than  the  biotites.    Eight  hornblendes 


Amphiboles  and  Pyroxenes 

The  use  of  minerals  of  the  amphibole 
and  pyroxene  group  for  potassium-argon 
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were  compared  with  zircon  ages.  The 
Pb-Pb  age  is  greater  than  the  hornblende 
values  in  all  but  one  instance,  for  which 
the  ages  are  the  same. 

The  results  so  far  show  no  evidence  for 
the  existence  of  excess  radiogenic  argon  in 
amphiboles  as  postulated  by  Damon  and 
Kulp  (1958);  instead,  the  results  establish 
the  usefulness  of  these  minerals  for  potas- 
sium-argon dating. 

hotopic  Composition  of  Lead  from 
Potassium  Feldspars 

A  particularly  interesting  project  for 
using  natural  lead  isotopes  as  tracers  has 
been  started  in  the  past  year.  Potassium 
feldspar  minerals  have  a  structure  that 
readily  accommodates  lead  but  discrimi- 
nates against  uranium  and  thorium,  ele- 
ments that  decay  by  radioactivity  to  lead. 
Typical  concentrations  of  lead  are  20  to  100 
ppm  as  against  less  than  0.5  ppm  for  ura- 
nium. The  fact  that  the  lead  found  in  such 
feldspars  usually  has  the  isotopic  constitu- 
tion of  the  lead  in  the  surroundings  when 
the  silicate  crystallized  provides  a  potential 
tool  for  the  study  of  the  sources  of  igneous 
rocks  and  hydrothermal  ore  fluids.  To  ex- 
plore the  possibilities  and  limitations  of  this 
tool  it  is  first  necessary  to  determine  under 
what  conditions  lead  in  potassium  feldspars 
mixes  with  lead  from  outside  the  mineral. 
To  this  end,  lead  isotopes  have  been  studied 
in  potassium  feldspars  from  rocks  under- 
lying areas  of  contact  and  progressive  re- 
gional metamorphism.  These  results  and 
those  from  structurally  concordant  granites 
are  treated  by  means  of  models  based  on 
the  studies  of  others  on  sulfide  ore  bodies. 
Such  models  describe  the  orderly  changes 
of  lead  isotopes  during  geologic  history. 
In  addition,  model  ages  determined  from 
the  lead  isotopes  are  compared  with  the 
results  of  radioactive  age  investigations. 

Common  and  radiogenic  leads  differ 
considerably  in  isotopic  constitution.  Ma- 
terial isolated  from  the  troilite  of  meteorites 
has  ratios  Pb206/Pb204  =  9.50,  Pb2°7Pb204 
=  10.36,  Pb208/Pb204  =  29.49,  whereas  lead 


of  radiogenic  origin  isolated  from  a  sample 
of  old  zircon  might  have  Pb2°7Pb204  ~ 
1500,  Pb207/Pb204  ~  100,  Pb207Pb204  ~  150. 
The  isotopic  constitution  of  lead  in  a  rock 
or  mineral  is  influenced  by  contributions 
from  elements  that  decay  by  radioactivity 
to  lead-U238  to  Pb206,  U235  to  Pb207>  Th232 
to  Pb208.  Of  particular  importance  are:  (1) 
the  original  isotopic  constitution  of  the 
lead,  (2)  the  amounts  of  uranium  and 
thorium  relative  to  lead,  (3)  the  availability 
for  mixing,  between  minerals  or  rocks, 
of  the  lead  formed  by  the  decay  of  uranium 
and  thorium,  and  (4)  the  time  when  mix- 


ing occurs. 


Previous  studies  using  lead  as  a  tracer 
have  been  based  primarily  on  galena  (PbS). 
To  interpret  the  observations,  three  models 
have  been  proposed,  which  are  useful  in 
the  elucidation  of  our  new  results  on 
feldspars:  (1)  the  Stanton-Russell-Far- 
quhar  growth  curves  for  normal  lead,  (2) 
the  Holmes-Houtermanns-Gerling  model 
for  calculating  model  lead  ages  from  the 
ratio  of  Pb206  to  Pb207  (the  isochron),  and 
(3)  the  Stanton-Russell-Farquhar  model 
for  calculating  model  lead  ages  from  the 
ratio  of  Pb208  to  Pb204.  A  summary  dis- 
cussion of  these  models  is  given  in  Russell 
and  Farquhar  (1960).  The  data  of  Stanton 
and  Russell  (1959)  suggest  that  lead  iso- 
topes in  ore  bodies  that  are  structurally 
concordant  and  formed  by  high-tempera- 
ture replacement  processes  have  evolved  in 
a  specific  manner  on  a  world-wide  scale 
during  earth  history.  They  also  suggest 
that  the  only  changes  in  the  ratios  of 
uranium  to  lead  and  thorium  to  lead  in 
the  source  during  geologic  time  appear  to 
have  been  due  to  the  decay  of  uranium 
and  thorium  with  the  accumulation  of  the 
daughter  lead.  These  data,  when  plotted 
as    Pb207Pb204    versus    Pb207/Pb204    and 

pb206/pb204         yersus         pD208/Tb2<M  yidd 

smooth  curves  called  normal  growth  curves 
(Stanton  and  Russell,  1959).  If  there  are 
several  sources,  as  described  above,  each 
having  a  different  ratio  of  uranium  to  lead, 
a  plot  of  Pb207Pb204  against  Pb207/Pb 
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for  these  sources  at  a  given  time  in  earth 
history  yields  a  straight  line  called  an 
isochron.  In  the  plots  that  follow  in  this 
report,  the  normal  growth  curves  and  ap- 
plicable isochrons  are  included  for  com- 
parison. 

In  using  lead  isotopes  as  tracers,  the 
possibility  of  adventitious  physicochemical 
isotope    separations    must   be   considered. 


et  al.,  1958;  Senfde  et  al.,  1957).  Calcula- 
tions, based  on  statistical  mechanics  that 
predicted  rather  well  the  behavior  of  light 
isotopes  where  the  effects  are  relatively 
large,  indicate  that  it  is  unlikely  that  dif- 
ferences in  Pb208/Pb204  between  lead  spe- 
cies in  isotopic  equilibrium  are  greater  than 
0.05  per  cent  of  the  ratio. 
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Fig.  71.  Lead  isotope  ratios  of  lead  in  K 
feldspars  from  a  contact  metamorphic  zone, 
Colorado.  Open  circles  are  K  feldspars  from  the 
Idaho  Springs  formation  numbered  in  feet  from 
the  intrusive  contact.  The  solid  square  is  K 
feldspar  from  the  monzonite  stock.  The  size  of 
the  circles  and  square  is  approximately  the  un- 
certainty in  the  reproducibility  of  duplicate 
analysis.  The  solid  lines  are  the  normal  growth 
curves. 

These  do  not  seem  to  play  an  important 
role,  and  probably  the  effects  are  less  than 
0.25  per  cent  in  the  lead  isotope  ratios. 
Investigations  of  nonradiogenic  isotopes 
such  as  those  of  zinc,  copper,  and  uranium 
indicate  that  natural  equivalents  of  thermal 
diffusion  and  adsorption  columns  do  not 
influence  the  ratios  of  these  heavier  ele- 
ments by  more  than  0.25  per  cent,  which 
is  about  the  uncertainty  of  the  analytical 
techniques  used  (Blix  et  al.,  1957;  Walker 


Fig.  72.  Comparison  of  model  lead  ages  with 
apparent  radioactive  ages  for  a  contact  meta- 
morphic zone,  Colorado.  Only  the  analytical  un- 
certainties of  the  model  lead  ages  are  included. 

Contact  metamorphism.  To  determine 
the  conditions  under  which  lead  isotopes 
of  the  K  feldspars  are  affected  by  lead 
isotopes  from  outside  this  mineral,  a  study 
has  been  made  on  the  K  feldspars  from  a 
contact  metamorphic  zone.  The  zone 
chosen  is  that  adjacent  to  the  Eldora  stock, 
a  quartz  monzonite,  in  the  Front  Range 
near  Boulder,  Colorado.  This  zone  was 
chosen  because  of  the  extensive  work  al- 
ready done  by  Hart  (1961)  on  the  K-Ar  of 
hornblende  and  biotite  and  Rb-Sr  in  the 
biotite.  The  K-Ar  age  of  biotite  from  the 
stock  is  54  m.y.  The  rock  of  the  contact 
zone  is  the  Precambrian  Idaho  Springs 
formation  consisting  of  schist  (composed 
of  quartz,  K  feldspar,  plagioclase,  and 
biotite)  and  hornblende  amphibolite.  The 
K-Ar  age  of  the  hornblende  indicates  the 
schist  and  amphibolite  to  be  at  least  1150 
m.y.  old. 

The  lead  results  are  shown  in  figures  71 
and   72.    A   plot  of   Pb208/Pb204   against 
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Pb206/Pb204  of  specimens  20  to  2400  feet 
from  the  contact  yields  a  straight  line. 
The  straight  line  suggests  that  the  lead 
in  the  K  feldspars  20  to  85  feet  from  the 
contact  was  mixed  with  varying  amounts 
of  lead  from  one  source.  As  the  lead  from 
the  monzonite  does  not  lie  on  the  straight 
line,  the  source  of  the  lead  for  the  mixing 
was  not  the  intrusive.  The  mixing  was 
operative  under  conditions  that  did  not 
markedly  alter  the  K-Ar  age  of  horn- 
blende, but  they  did  alter  the  K-Ar  and 
Rb-Sr  ages  of  biotites  (fig.  72) . 

The  effective  Th-U  ratio  of  the  source 
supplying  lead  to  the  K  feldspars,  deter- 
mined from  the  slope  of  the  short  dashed 
line  on  figure  71,  is  about  14.  This  value 
is  unusually  high.  Sources  of  normal  lead 
have  Th/U  ratios  of  about  3.7.  The  Idaho 
Springs  formation,  however,  contains  ex- 
ceptionally high  concentrations  of  mona- 
zite  and  little  zircon.  Analysis  by  Tilton 
and  Hart  of  the  monazite  near  another 
intrusive  of  the  district  yielded  a  Th/U 
ratio  of  9.7.  Therefore  the  high  Th/U 
value  deduced  from  the  lead  data  is  not 
surprising. 

The  1000-  and  2400-foot  samples  of  K 
feldspar  from  the  Idaho  Springs  formation 
have  model  lead  ages  of  1200  to  1400  m.y. 
and  lie  close  to  the  normal  growth  curves 
for  ore  leads.  The  lead  model  ages  are  in 
fair  agreement  with  the  K-Ar  ages  of  horn- 
blendes 1000  feet  or  more  from  the  contact 
and  with  the  results  of  other  investigations 
on  this  general  part  of  Colorado;  these 
ages  are  in  the  range  1100  to  1500  m.y. 
(Aldrich  et  al.,  1957;  Giffln  and  Kulp, 
1960). 

The  Pb206/Pb207  model  age  for  lead  from 
K  feldspar  of  the  stock  is  400  m.y.,  which 
differs  from  the  known  age  (54  m.y.). 
This  difference  might  mean  that  the  ef- 
fective uranium-to-lead  ratio  in  the  source 
of  the  monzonite  was  changed  at  some 
time  before  intrusion,  reflecting  the  results 
of  some  old  geological  event.  The  speci- 
men of  monzonite  was  collected  about 
10  feet  from  the  contact  with  the  Idaho 
Springs  formation,  however,  and  there  are 
many  xenoliths  in  the  vicinity.   The  lead 


of  the  stock  may  have  been  contaminated 
with  lead  from  the  xenoliths,  in  which 
event  the  lead  analyzed  may  not  be  rep- 
resentative of  the  source  of  the  monzonite. 

Regional  metamorphism.  The  effect  of 
regional  metamorphism  on  lead  in  K  feld- 
spars was  studied  in  the  Shenandoah  Na- 
tional Park — Baltimore  region.  Again  the 
region  was  chosen  because  of  the  abundant 
radioactive  age  work  available  (Tilton  et 
al.,  1958;  Tilton  et  al.,  1960).  These  data 
suggest  that  the  whole  region  was  severely 
metamorphosed  about  1000  m.y.  ago.  Dur- 
ing the  Appalachian  orogeny  (about  300- 
400  m.y.  ago),  the  rocks  near  Baltimore 
were  seriously  affected,  but  those  of  Shen- 
andoah National  Park  were  little  affected. 
K  feldspars  were  studied  from  pegmatite 
and  altered  charnockite  gneiss  of  Shenan- 
doah National  Park  as  well  as  the  Hartley 
augen-gneiss  and  Baltimore  gneiss  from 
near  Baltimore. 

The  results  of  the  examination  of  lead 
in  K  feldspars  are   shown  in  figure  73. 
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Fig.  73.  Lead  isotope  ratios  of  lead  from  K 
feldspars  subjected  to  regional  metamorphism, 
Shenandoah  National  Park-Baltimore  area. 
SP-lp  is  a  pegmatite,  and  SP  designates  Shenan- 
doah National  Park;  Bl  is  Baltimore  gneiss  near 
Baltimore;  H  designates  Hartley  augen-gneiss. 
The  solid  line  is  the  normal  growth  curve.  The 
size  of  the  circles  is  approximately  the  uncer- 
tainty in  the  reproducibility  of  duplicate  analyses. 
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Analysis  of  K  feldspars  from  Shenandoah 
National  Park  provided  an  estimate  of  the 
isotopic  constitution  of  lead  from  feldspars 
in  this  region  before  the  Appalachian 
orogeny.  Specimens  of  K  feldspars  were 
collected  from  a  pegmatite  and  an  altered 
charnockite  gneiss  some  miles  apart.  The 
model  ages  of  this  lead  are  800  to  1000  m.y., 
which  is  in  good  agreement  with  all  other 
radioactive  ages  except  those  obtained  from 
a  zircon  that  was  dated  at  1100  m.y.  The 
disparities  between  lead  samples  and  be- 
tween the  radioactive  ages  determined  by 
the  different  methods  can  be  explained  on 
the  basis  that  the  Appalachian  orogeny 
had  a  minor  effect  on  the  rocks  underlying 
Shenandoah  National  Park.  This  effect 
was  certainly  not  so  great  as  in  the  Balti- 
more area. 

The  K  feldspars  of  the  Baltimore  area 
contain  lead  markedly  different  in  isotopic 
constitution  from  those  of  Shenandoah 
National  Park  (fig.  73).  Radiogenic  lead 
was  apparently  added,  during  the  Ap- 
palachian orogeny,  to  the  feldspars  of  the 
rocks  near  Baltimore. 

Structurally  concordant  granites.  The 
rocks  considered  next  are  structurally  con- 
cordant with  surrounding  gneisses,  and 
they  lack  cataclastic  textures.  The  minerals 
are  vaguely  or  well  banded.  There  are 
no  rotated  inclusions  or  chilled  contacts  to 
indicate  that  the  rock  was  once  a  liquid. 
These  rocks  are  believed  to  have  formed 
during  a  stage  of  regional  metamorphism. 
Such  granites  are  commonly  called  syn- 
tectonic.  It  is  perhaps  over  these  rocks  that 
arguments  rage  most  strongly  as  to  crystal- 
lizing melt  versus  metasomatic  origins.  A 
measurement  of  the  growth  curves  for  lead 
isotopes  in  these  rocks  should  eventually 
help  in  solving  the  problem  of  the  source 
of  the  melt  or  fluids  for  these  rocks. 

The  Hermon  granite  gneiss,  the  granite 
of  the  California  phacolith,  and  their  in- 
cluded pegmatites  from  near  Balmat,  New 
York,  were  studied.  These  rocks  have  been 
described  at  length  by  Buddington  (1929). 
The  relative  ages  of  the  Hermon  granite 


and  the  granite  of  the  California  phacolith 
are  not  known  (Buddington,  1929,  p.  80). 
These  rocks  were  formed  during  meta- 
morphism of  the  area,  which  occurred 
about  1000  m.y.  ago.  There  has  been  no 
observable  severe  metamorphism  of  these 
rocks  since  their  formation.  Their  proxim- 
ity to  the  Balmat  zinc  mines,  also  formed 
about  1000  m.y.  ago,  allows  a  comparison 
with  a  structurally  concordant  ore  body. 
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Fig.  74.  Lead  isotope  ratios  of  lead  from 
feldspars  of  structurally  concordant  granites  and 
pegmatites  near  Balmat,  New  York.  The  Cali- 
fornia alaskite  granite  is  Cg,  and  pegmatite  about 
1  foot  from  this  sample  is  Cp.  Hg  is  the  Hermon 
granite  gneiss,  and  Hp  is  pegmatite  enclosed  in 
Hermon  granite  gneiss  2  miles  to  the  west  of  Hg. 
Solid  line  is  the  normal  growth  curve,  and  the 
dashed  line  is  the  1000-m.y.  isochron.  The  size 
of  the  circles  is  approximately  the  uncertainty  in 
the  reproducibility  of  duplicate  analyses. 


The  data  are  given  in  figure  74.  The 
similarity  of  the  isotopic  constitution  of 
lead  in  feldspars  of  the  three  different 
kinds  of  rock  suggests  closely  related  proc- 
esses of  formation.  One  pegmatite  from 
within  the  ore  (Cdm  14-p  in  fig.  74)  is 
drastically  different  from  the  others.  The 
difference  is  due  in  part  to  an  unusually 
high  ratio  of  U238  to  Pb204,  7.5  as  compared 
with  0.175  in  K  feldspar  from  the  Hermon 
granite. 

Rb-Sr  ages  have  been  determined  for  the 
K  feldspars  and  two  micas,  and  in  addition 
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a  K-Ar  age  was  measured  on  one  of  the 
micas.  The  Rb-Sr  ages  are  close  to  1100 
m.y.  The  K-Ar  age  is  1000  m.y.  The 
model  lead  ages  are  850-900  m.y.  for 
Pb20YPb207  and  1150-1250  m.y.  for  Pb208/ 
Pb204.  This  is  fair  agreement  with  the 
radioactive  ages. 

The  normal  growth  curve  for  lead  from 
structurally  concordant  replacement  ore 
bodies  is  shown  in  figure  74  with  the  galena 
data  from  the  near-by  Balmat  no.  3  mine, 
which  is  just  such  an  ore  body.  In  addition, 
figure  74  includes  new  analyses  of  galenas 
from  two  other  structurally  concordant 
ore  bodies — Broken  Hill,  Australia,  and 
the  Brunswick  mines,  New  Brunswick, 
Canada.  The  lead  from  the  granites  and 
pegmatites  is  different  from  the  ore  lead 
of  the  Balmat  no.  3  mine  today.  With 
the  exception  of  the  specimen  from  the 
California  phacolith,  the  difference  could 
be  due  to  lead  added  to  the  feldspar 
subsequent  to  the  formation  of  the  igneous 
rocks.  It  is  significant,  however,  that  the 
growth  curves  for  lead  isotopes  in  the 
igneous  rocks  near  the  Balmat  ore  bodies 
are  not  greatly  different  from  those  of 
structurally  concordant  ore  bodies  of  simi- 
lar age. 

The  other  syntectonic  granite  studied, 
the  Ellicott  City  granodiorite  near  Balti- 
more, is  usually  supposed  to  have  formed 
during  the  Appalachian  orogeny.  Radio- 
active dating  by  Rb-Sr  and  K-Ar  on  micas 
indicates  that  the  granodiorite  is  at  least 
300  m.y.  old  (Year  Book  58) .  The  zircons, 
however,  are  in  part  somewhat  older  than 
450  m.y.  (Year  Book  58). 

The  results  of  the  examination  of  lead 
from  K  feldspars  are  shown  in  figure  75.  If 
the  granodiorite  was  formed  about  300  m.y. 
ago,  the  plotted  data  should  lie  close  to  the 
300-m.y.  isochron  in  figure  75  to  agree  with 
the  K-Ar  and  Rb-Sr  ages,  or  perhaps  close 
to  the  isochron  marked  450  m.y.  to  agree 
with  the  zircons.  Although  the  ratio  of 
Pb208  to  Pb204  gives  a  model  age  in  the 
range  200-400  m.y.,  the  ratio  of  Pb206  to 
Pb207  is  essentially  modern;  it  is  in  serious 


disagreement  with  the  known  minimum 
age  of  the  rock.  Since  there  is  no  known 
severe  metamorphism  subsequent  to  the 
Appalachian  orogeny,  it  is  doubtful  that 
lead  was  added  to  the  Ellicott  City  grano- 
diorite during  the  last  300  m.y.  More 
likely  explanations  are  either  (a)  the  effec- 
tive uranium-to-lead  ratio  in  the  source  of 
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Fig.  75.  Lead  isotope  ratios  of  lead  from 
feldspars  of  the  Ellicott  City  granodiorite  near 
Baltimore,  Maryland.  EC-1  is  from  the  interior, 
and  EC-2  is  from  the  border  phase.  The  solid 
line  is  the  normal  growth  curve.  The  size  of  the 
circles  is  approximately  the  uncertainty  in  the  re- 
producibility of  duplicate  analyses. 

the  material  was  changed  at  some  time  be- 
fore the  formation  of  the  granodiorite,  or 
(b)  the  granodiorite  was  formed  before 
the  Appalachian  orogeny  but  the  isotopic 
constitution  of  the  lead  in  the  feldspars  was 
altered  during  the  orogeny. 

Lead  Content  and  Radioactivity  of  Dunite 
and  Eclogite  with  Application  to  the 
Problem  of  the  Constitution  of  the  Mantle 

Of  the  various  types  of  rock  postulated 
as  constituents  of  the  earth's  mantle,  ultra- 
basic  rocks  and  eclogites  have  received 
prominent  mention.    This   is   chiefly   be- 
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cause  (1)  they  are  among  the  very  few 
types  of  rock  found  at  the  surface  that  can 
yield  the  appropriate  seismic  velocities; 
(2)  they  are  in  geologic  environments, 
such  as  diamond  pipes,  which  are  sugges- 
tive of  profound  origin;  and  (3)  in  bulk 
composition  the  eclogites  are  closely  simi- 
lar to  basalts  and  yet  the  rock  is  composed 
of  dense  minerals,  which  are  formed  at 
high  pressure.  There  are,  of  course,  further 
requirements  that  material  proposed  for  the 
mantle  must  satisfy;  two  very  important 
ones  are  that  the  radiogenic  heat  produced 
by  uranium,  thorium,  and  potassium 
should  be  sufficient  to  meet  geothermal  re- 
quirements and  that  the  mantle  should  pro- 
vide an  adequate  source  of  crustal  material 
by  some  reasonable  process  of  differentia- 
tion. 

The  geothermal  observation  most  perti- 
nent to  this  discussion  is  that  heat  flow 
from  under  the  oceans  is  roughly  the  same 
as  in  the  continents.  Most,  if  not  all,  of  the 
continental  flux  can  be  attributed  to  crustal 
radioactivity.  Beneath  the  oceans,  on  the 
other  hand,  the  thin  crust  can  account  for 
only  about  a  tenth  of  the  observed  flux  and 
considerably  more  than  half  of  the  heat 
flow  must  originate  in  the  mantle. 

The  contents  of  uranium  and  lead  in 
some  dunites  were  measured  by  isotope 
dilution  and  reported  five  years  ago  (Year 
Book  55,  pp.  99-100).  The  values  were 
relatively  small.  Hamaguchi,  Reed,  and 
Turkevich  (1957),  however,  found  ten 
times  less  uranium  in  one  of  the  dunites 
by  neutron  activation.  In  1959,  an  oppor- 
tunity to  visit  the  laboratories  of  G.  W. 
Reed  at  Argonne  National  Laboratory 
having  arisen,  the  lead  content  of  three 
dunites  and  a  basalt  was  determined  by 
activation  analysis.  The  lead  content  of 
the  basalt  agreed  with  earlier  isotope  dilu- 
tion results  to  within  10  per  cent,  but  the 
dunite  lead  concentrations  were  lower  by 
factors  of  10  to  100  than  those  measured  by 
isotope  dilution.  The  results  are  shown  in 
table  9. 

During  the  past  year,  while  visiting  the 
University   of   Bern,  Switzerland,   Tilton 


determined  the  uranium  and  lead  contents 
of  an  olivine  bomb  from  Gila,  Arizona, 
by  improved  isotope  dilution  procedures. 
The  concentrations  were  found  to  be  in 
reasonable  agreement  with  the  activation 
values.  A  value  of  0.0025  ±  0.0015  ppm 
was  found  for  uranium  and  0.08  ±  0.03 
ppm  for  lead  (assuming  the  lead  to  have 
the  same  isotopic  composition  as  has  been 
found  for  basalts).  It  is  thought  that  the 
substitution  of  Teflon  containers  for  those 
of  platinum  is  the  main  factor  in  obtaining 
the  lower  values.  These  new  values  show 
that  the  previously  reported  isotopic  com- 
position analyses  were  subject  to  con- 
tamination. 


TABLE  9.  Concentration  of  Lead  in  Basic  Rocks 
by  Neutron  Activation  * 


Parts  per  Million 


Sample 

Via 

Via 

pb203 

Pb209 

St.  Paul's  Rock,  peridotite 

0.12 

0.11 

Twin  Sisters  dunite 

0.026 

0.011 

Dreiser  Weiher  nodule, 

lherzolite 

0.01 

Hualalai  basalt 

1.87 

2.04 

*  The  lead  values  were  obtained  in  collabora- 
tion with  G.  W.  Reed,  Argonne  National  Labora- 
tory. 

An  eclogite  sample  from  a  tuft"  at  Salt 
Lake  Crater  in  Hawaii  was  supplied  by 
Tilley  and  Yoder  and  was  analyzed  by 
isotope  dilution.  The  uranium  concentra- 
tion is  0.041  ppm.  Its  potassium  content  is 
0.0092  per  cent  as  determined  by  flame 
photometry  at  Cambridge  University.  The 
lead  content  is  0.21  ppm,  assuming  the 
isotopic  composition  to  be  the  same  as  that 
found  by  Patterson  in  the  Hualalai  basalt. 
A  complication  in  the  present  work  is  in- 
troduced by  the  fact  that  the  eclogite  sam- 
ple contains  0.5  per  cent  carbonate.  Pos- 
sibly this  should  be  regarded  as  evidence 
of  contamination,  although  the  distribu- 
tion of  carbonate  in  the  specimen  is  not 
suggestive  of  extraneous  origin. 
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The  radioactivity  of  dunite  is  too  low  to 
make  it  suitable  as  material  for  the  outer 
mantle  under  the  oceans.  It  would  be  more 
suitable  for  the  deep  mantle,  since  its  low 
heat  production  would  not  cause  apprecia- 
ble heating,  or  melting,  in  this  region. 
Eclogite  appears  to  be  a  more  promising 
material  for  the  shallow,  suboceanic 
mantle,  although  it  meets  the  thermal  re- 
quirements with  little  or  nothing  to  spare. 
It  is  clearly  premature  to  base  conclusions 
on  measurements  of  a  single  sample  of 
eclogite;  more  work  must  be  done  before 
its  suitability  as  mantle  material  can  be 
properly  evaluated. 

Ages  from   the  Moldanubian  Region   of 
Bavaria 

During  the  past  year  a  suite  of  granites 
and  gneisses  from  the  old  basement  area  of 
eastern  Bavaria,  West  Germany,  has  been 
studied  to  see  whether  age  determinations 
can  aid  in  deciding  between  alternative 
hypotheses  of  the  tectonic  history  of  these 
rocks.  The  area  is  in  the  Moldanubian  re- 
gion of  the  Bohemian  Mass  extending  be- 
yond the  Bavarian  border  into  Czechoslo- 
vakia and  Austria.  The  stratigraphic  and 
metamorphic  age  of  the  region,  some  200 
miles  in  diameter,  has  been  a  matter  of 
geologic  debate  for  at  least  50  years.  It  is 
generally  accepted  that  this  region  occupied 
a  central  location  within  the  Variscan 
mountain  belt  that  formed  during  late 
Paleozoic  times  and  involved  most  of  cen- 
tral Europe.  In  the  Austrian,  German, 
and  Czechoslovakian  literature,  "Variscan" 
is  synonymous  with  "Hercynian."  The 
much-discussed  problem  is  whether  these 
rocks,  called  the  Moldanubicum,  attained 
their  present  state  as  a  result  of  late 
Paleozoic  metamorphism  and  igneous  ac- 
tivity, or  whether  they  had  already  been 
metamorphosed  during  the  Precambrian 
and  acted  as  an  intramontane  stable  block 
not  affected  by  Variscan  folding  and  meta- 
morphism. Whereas  the  former  view  was 
supported  mainly  by  Austrian  geologists 
(Suess,  1926),  many  Czechoslovakian  and 
German   investigators    (e.g.,   Stille,    1958, 


and  Bederke,  1956)  favor  the  second  pos- 
sibility. Schreyer  (1957)  pointed  out  on 
the  basis  of  petrotectonic  data  that  the  last 
regional  metamorphism  previous  to  the 
intrusion  of  granites  in  the  southern  part 
of  the  Moldanubian  region  is  probably  of 
early  Variscan  age.  Current  views  of 
Czechoslovakian  geologists  (Maska  and 
Zoubek,  1960)  attribute  a  Precambrian  age 
to  the  regional  metamorphism  of  the 
Moldanubicum,  but  assume  that  "a  power- 
ful deep  granitization"  took  place  during 
the  Variscan  time  span. 

The  specimens  studied  are  gneisses  and 
granites  from  several  well  separated  locali- 
ties of  the  Bayerischer  Wald  as  well  as 
the  Oberpfalzer  Wald.  The  results  of  the 
age  determinations  are  summarized  in 
tables  10  and  11.  Except  for  the  Leuchten- 


TABLE  10.  Rb-Sr  Age  Determinations, 
Bavarian  Biotites  * 


Location 


Age, 

million 

years 


Moldanubian  gneisses 
Regensburger  Stein,  Deggendorf, 

Niederbayern  335 

Silberberg,  Bodenmais,  Niederbayern  335 

Kainzmiihlsperre,  Oberpfalz  320 

Trausnitz,  Oberpfalz  330 

Leuchtenberg,  Oberpfalz  440 

Granites  cross-cutting  Moldanubian  gneisses 

Masering,  Tittling,  Niederbayern  330 

Neustift,  Vilshofen,  Niederbayern  340 

*  The  decay  constant  used  for  Rb87  is  1.39  X 
10-u  yr-i. 

TABLE  11.    Ages  of  Zircons  from  the 
Moldanubian  Region 


Age,  million  years 


Location  Pb206  Pb207      Pb207      Pb208 

TJ238      TJ235  pb206         'J,n232 

Masering,  Tittling, 

Niederbayern, 

granite  255      265      335±25      205 

Trausnitz, 

Oberpfalz, 

gneiss  405      415      460±25      420 
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berg  sample,  the  biotite  ages  are  close  to 
330  m.y.  The  Leuchtenberg  sample,  from 
a  garnet-kyanite  gneiss,  has  a  decidedly 
older  age  of  440  m.y.  This  is  similar  to  the 
age  of  the  zircon  from  the  gneiss  at 
Trausnitz,  which  contains  a  younger  bio- 
tite. The  two  granites  chosen  for  study  have 
sharp  intrusive  contacts  against  the  Molda- 
nubian  gneisses.  Nevertheless,  the  ages  of 
their  micas  appear  to  be  identical  with 
those  from  the  gneisses,  which  are  far 
enough  away  from  any  younger  granites 
so  that  contact  effects  ought  to  be  negligi- 
ble. The  Pb-Pb  age  of  the  zircon  from 
the  granite  agrees  with  the  330-m.y.  age  of 
crystallization  of  the  biotites  of  both 
granites.  Since  the  U-Pb  and  Th-Pb  ages 
indicate  a  loss  of  lead,  additional  studies 
will  be  required  to  show  whether  the 
minerals  are  indeed  of  the  same  age. 

Although  interpretation  of  these  mini- 
mum ages  at  the  present  stage  of  geologi- 
cal and  geochronological  knowledge  of  the 
Moldanubian  region  is  not  without  danger 
of  contradiction,  it  appears  that  some  state- 
ments about  its  latest  period  of  crystalliza- 
tion are  justifiable.  According  to  the  re- 
vised time  scale  of  Holmes  (1960)  the 
biotite  ages  of  about  330  m.y.  indicate  that 
the  latest  crystallization  of  the  gneisses  as 
well  as  the  intrusion  and  consolidation  of 
the  granites  probably  took  place  in  the 
very  early  Carboniferous,  being  essentially 
contemporaneous  with  the  Bretonic  phase 
of  the  Variscan  orogeny.  It  is  believed, 
however,  that  the  apparent  contempo- 
raneity of  metamorphism  and  granite  in- 
trusion cannot  be  taken  as  evidence  for 
the  metamorphism's  being  caused  by  the 
intrusion  of  the  granites  as  suggested  by 
Suess.  The  opposite  relationship  of  the 
granite  magma  being  created  by  partial 
melting  during  strong  regional  meta- 
morphism appears  more  likely.  Field  evi- 
dence (Schreyer,  1961)  leaves  no  doubt  that 
the  granites  cut  sharply  across  the  meta- 
morphic  textures  of  the  gneiss,  which  must, 
therefore,  have  been  rigid  at  the  time  of 
the  granite  intrusion.  Furthermore,  the 
metamorphic  textures  of  the  gneiss  as  ob- 


served at  present  must  have  been  created 
previous  to  the  granite  intrusion,  because 
the  granites  studied  do  not  show  any  indi- 
cations of  postcrystalline  deformations. 
Nevertheless,  the  time  interval  between  the 
metamorphism  of  the  gneiss  and  the  in- 
trusion of  the  granite  may  be  so  small  that 
it  cannot  be  detected  by  present  laboratory 
techniques.  The  alternative  possibility  of 
a  thermal  event  affecting  both  the  gneiss 
and  the  granite  subsequent  to  their  con- 
solidation cannot  be  supported  by  field 
evidence. 

For  many  gneiss  areas  a  severe  granitiza- 
tion  ("migmatization")  is  reported  (e.g., 
Voll,  1960;  Schreyer,  1961)  to  have  taken 
place  before  the  intrusion  of  the  younger 
granite.  It  is  presumably  this  granitization 
that  is  considered  to  be  of  Variscan  age  by 
Czechoslovakian  geologists  (Maska  and 
Zoubek,  1960) .  In  the  southern  part  of  the 
Bavarian  Forest  there  is  field  evidence 
(Schreyer,  1961)  that  the  migmatization 
was  accompanied  by  intensive  rock  defor- 
mation but  outlasted  it  in  many  places.  It 
is  therefore  likely  that  both  deformation 
and  migmatization  are  the  result  of  this 
same  high-grade  regional  metamorphism 
that,  according  to  the  present  age  data,  took 
place  at  around  330  m.y.  during  an  early 
phase  of  the  Variscan  orogeny. 

Voll  (1960)  separated  the  garnet-kyanite 
gneisses  of  the  area  north  of  Leuchtenberg 
from  the  Moldanubicum  sensu  stricto, 
which  he  considered  to  be  younger.  This 
separation  is  confirmed  by  the  age  work. 
The  apparent  age  of  440  m.y.  obtained  on 
a  sample  from  the  older  unit  certainly 
indicates  a  pre-Variscan  period  of  crys- 
tallization. It  cannot  be  decided,  however, 
whether  this  period  of  crystallization  falls 
in  the  early  Paleozoic  (Caledonian?)  era, 
as  the  number  itself  would  indicate,  or 
whether  it  is  still  older  with  partial  loss  of 
daughter  products  during  Variscan  times. 
The  same  holds  for  the  zircons  dated  from 
the  gneiss  from  Trausnitz.  They  were 
already  crystalline  at  the  time  the  Variscan 
orogeny  affected  the  isotopic  age  of  the 
biotites  of  this  rock.   There  are  no  petro- 
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graphic  indications  that  the  zircons  have 
gone  through  a  sedimentary  cycle.  There- 
fore, the  premetamorphic  material  of  the 
enclosing  gneiss  may  have  been  the  result 
of  pre-Variscan  igneous  activity. 

The  isotopic  ages  reported  do  not  give 
evidence  for  a  possible  Precambrian  origin 
of  the  rocks  from  the  Moldanubian  region 
as  suggested  by  their  field  relations  to  the 
slightly  metamorphosed  Precambrian  sedi- 
ments and  volcanics  of  central  Bohemia. 
On  the  basis  of  the  present  data  the  pos- 
sibility cannot  be  ruled  out  that  the  Molda- 
nubicum  may  also  comprise  former  sedi- 
ments and  igneous  rocks  of  early  Paleozoic 
origin.  The  severe  regional  metamorphism 
that  has  affected  large  parts  of  the  Molda- 
nubian region  during  early  Variscan  times 
makes  the  concept  of  an  "intramontane 
stable  block"  rather  doubtful  or  at  least 


reduces  the  size  of  this  block  considerably. 
A  late  Devonian  or  very  early  Carbonif- 
erous age  of  this  metamorphism  is  not  in 
disagreement  with  the  fact  that  Molda- 
nubian gneisses  are  found  as  pebbles  in 
neighboring  molasse  sediments  of  Lower 
Carboniferous  (Kulm)  age  (Stelcl,  1960). 
The  mineral  assemblages  of  the  gneisses 
with  cordierite  as  an  important  constituent 
suggest  that  metamorphism  took  place  at 
high  temperatures  but  at  moderate  pres- 
sures, that  is,  at  shallow  depth. 
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Carbon  Isotope  Effects  in  Aerobic 
Metabolism  of  Microorganisms 

T.  C.  Hoering  and  P.  H.  Abelson 
Fractionation  of  the  stable  isotopes  of 


Escherichia   coli   was    also   grown    using 
glucose  as  an  energy  source. 

Chlorella  pyrenoidosa  growing  in  the 
light  in  an  inorganic  medium  with  C02 
was  transferred  to  a  medium  of  the  same 


carbon  by  living  matter,  a  phenomenon  of  inorganic  salts   with   5   per  cent  glucose 

considerable  geochemical  importance,  has  added.   In  the  light  with  5  per  cent  C02 

been  under  study  here  during  the  past  two  aeration,  the  alga  adapted  to  glucose.  After 

years.  A  substantial  part  of  our  results  was  a  good  growth  rate  was  obtained,  a  small 

described  in  last  year's  report.  The  earlier  aliquot  of  the  culture  was  transferred  to 

work  has  been  extended  by  additional  ob-  a  new  glucose  medium,  placed  in  the  dark, 

servations,  and   an   amplified   report  has  and  aerated  with  C02-free  air.  Just  before 

been  published  in  the  standard  literature  the  cells  were  harvested,  the  respired  C02 

(Abelson  and  Hoering,  1961).  One  of  our  was   collected  by  passing  the  air  stream 

experiments,  however,  was  of  a  type  not  through  barium  hydroxide  solutions.  Esch- 

previously    performed    and    therefore    is  erichia  coli  was  grown  aerobically  in   a 

described  in  the  following.  1-liter  glucose-containing  culture  placed  in 

In   photosynthesis    a   large   number    of  a  sealed  5-liter  bottle.    A  portion  of  the 

chemical    events    occur    simultaneously —  gas  phase  was  sampled  for  isotopic  analysis 

synthesis  of  carbohydrates,  proteins,  and  of  respired  C02.  The  glucose  used  in  the 

lipides.    Chlorella  pyrenoidosa  is  capable  preparation  of  the  culture  medium  was 

of  growing  in  the  dark  using  glucose  as  a  fermented  to  ethyl  alcohol  and  C02  by 

source  of  carbon  and  energy.   It  was  in-  yeast    in    a    nitrogen    atmosphere.     The 

structive  to  examine  isotope  fractionation  evolved  C02  was  swept  into  barium  hy- 

in  such  an  organism  without  photosynthe-  droxide  solution  by  a  stream  of  C02-free 

sis  occurring.  For  comparison,  a  culture  of  nitrogen.  After  a  few  per  cent  reaction  the 
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alcohol-water  solution  was  distilled  off  and 
oxidized  to  acetic  acid  by  alkaline  per- 
manganate. The  acetic  acid  was  distilled 
off,  neutralized,  and  evaporated  to  dryness. 
The  resulting  sodium  acetate  was  com- 
busted to  CO2.  The  precipitated  BaCOs 
was  converted  to  CO2  by  treatment  with 
100  per  cent  phosphoric  acid.  If  the  aver- 
age six  carbon  atoms  of  glucose  are  as- 
signed §  =  0,  the  CO2  measured  —  3.4  and 
the  ethyl  alcohol  measured  —2.8.  It  was 
also  determined  that  there  is  only  a  small 
isotope  effect  in  the  decarboxylation  of 
pyruvate  by  yeast  extract.  For  the  mano- 
metric  determination  of  pyruvic,  the  pro- 
cedure of  Umbreit,  Burris,  and  Stauffer 

TABLE  12.   SC13  of  Amino  Acid  in  Organisms 
Grown  on  Glucose 


Chlorella 

pyren 

oidosa 
Car- 

E.  coli 

Amino  Acid 

Car- 

Total 

boxyl 
Carbon 

Total 

boxyl 
Carbon 

Aspartic  acid 

-2.9 

-2.6 

-3.0 

-4.0 

Glutamic  acid 

—0.3 

+1.9 

-2.4 

-1.5 

Alanine 

+0.5 

-1.7 

— 

— 

Glycine 

-5.8 

-4.7 

-3.7 

-3.8 

Isoleucine 

-5.3 

—5.2 

-3.7 

-7.5 

Leucine 

-5.1 

—14.0 

—3.1 

-18.5 

Lysine 

-0.9 

-3.0 

0.0 

-2.2 

Serine 

-1.6 

-1.6 

-5.5 

-4.0 

Threonine 

-3.2 

+2.0 

—1.0 

-2.7 

SC13  of  average  of  carbons  in  glucose  =  0.0. 

(1948)  was  followed,  and  the  CO2  evolved 
after  5  per  cent  reaction  was  compared 
with  that  evolved  after  100  per  cent  reac- 
tion. The  ratio  of  the  rates  of  decarboxylat- 
ing  C12  and  C13  carboxyl  groups  of  pyruvic 
acid  was  found  to  be  1.0020.  The  simplest 
explanation  of  these  results  is  that  glucose 
does  not  have  large  differences  in  the  iso- 
tope ratios  in  the  individual  carbon  atoms 
and  that  the  Embden-Meyerhof  reactions 
do  not  have  a  large  carbon  isotope  effect. 

The  cells  of  the  glucose-grown  Chlorella 
pyrenoidosa  and  E.  coli  were  fractionated 
as  described  previously  and  combusted  to 


CO2.  If  the  average  of  the  carbons  in  the 
glucose  is  assigned  b  =  0.0,  the  results  ob- 
tained for  Chlorella  pyrenoidosa  and  E. 
coli  were,  respectively:  total  cells,  —0.1, 
—  1.9;  lipides,  —7.0,  —7.0;  total  amino 
acids,  0.0,  —1.8;  carboxyl  groups  of  total 
amino  acids,  —2.1,  3.8.  The  values  for  the 
individual  amino  acids  are  shown  in 
table  12. 

The  isotope  ratios  of  the  carboxyls  of 
most  of  the  amino  acids  do  not  differ 
greatly  from  the  remainder  of  the  mole- 
cules, which  in  turn  have  about  the  same 
ratio  as  the  input  glucose.  The  striking 
features  are  the  low  C13/C12  ratio  of  lipides 
and  a  perhaps  surprisingly  light  value  for 
the  carboxyl  group  of  leucine. 

The  Carbon  Isotope  Effect  on  the  Rate  of 

Enzymatic  Decarboxylation  of  Formic  and 

Glutamic  Acid 

T.  C.  Hoering 

Most  of  the  reactions  of  organic  mole- 
cules in  living  systems  are  catalyzed  by 
enzymes.  Values  in  the  literature  show 
that  the  isotope  effect  on  the  rate  of  an 
enzyme-catalyzed  reaction  is  smaller  than 
for  the  corresponding  nonenzymatic  reac- 
tion. An  example  is  the  work  of  Seltzer, 
Hamilton,  and  Westheimer  (1959)  on  the 
decarboxylation  of  oxalacetic  acid.  They 
found  that,  when  the  reaction  was  catalyzed 
by  manganous  ion,  C12-containing  mole- 
cules reacted  1.06  times  as  fast  as  C13-con- 
taining  molecules,  whereas  when  catalyzed 
by  the  partially  purified  enzyme  from 
Micrococcus  lysodei\ticus  there  was  no  iso- 
tope effect.  Other  examples  are  the  hy- 
drolysis of  urea  catalyzed  by  hydrogen  ion 
and  by  urease,  the  reduction  of  sulfate  ion 
by  hydrogen  iodide  and  by  sulfate-reducing 
bacteria,  and  the  reduction  of  nitrogen  by 
metallic  iron  and  by  nitrogen-fixing  bac- 
teria. Since  living  systems  are  important  in 
determining  the  distribution  of  the  stable 
isotopes  of  carbon  in  nature  it  is  of  interest 
to  study  this  phenomenon. 

The  relative  rates  of  decarboxylating  the 
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isotopic  forms  of  formate  ion  by  formic  described  in  the  literature.  Bigeleisen  and 

dehydrogenlyase  Wolfsberg  (1958)  have  reviewed  the  data 

£i2  for  the  C13  isotope  effect  in  the  thermal  de- 

nC1202~  +  H20  — -»  carboxylation  of  malonic,  mesitoic,  and  tri- 

HC1203~  +  H2        (1)  chloroacetic    acid    at    high    temperatures. 

^13  When  these  data,  along  with  some  unpub- 

HC1302~  +  H2O >  lished  data  from  this  laboratory  on  the 

HC1303~  +  H2        (2)  thermal   decarboxylation   of   alanine,   are 

.   j.   1      •       .1        „  .•  n„  n„-c~A  extrapolated  down  to  room  temperature,  a 

were  studied  using  the  partially  punned  1      r      1                r         -r 

-    1  <.  a  c        m    +„-j-    '  „«   tu;«  value  tor  the  ratio  or  specific  rate  constants 

enzyme  isolated  from  Clostridium  sp.  Inis  -    .                  .      .     r     ,     ,-«         , 

enzyme  was  kindly  supplied  by  Dr.  Fred  of  about  ^  ls  obtained.   Thus  the  en- 

Sisler  of  the  U.  S.  Geological  Survey.  The  zymes  used  m  this  experiment  are  able 

C1S/C12  ratio  in  the  liberated  bicarbonate  «°  carry  %Ut  a  [eactlo«rwlth  about  halrf  *.e 

.     '   u             -                 4.    ~      c  -~n~<r\~„  isotope  eftect  observed  tor  a  reaction  or  this 

ion  atter  varying  percentages  or  reaction  ^                                       .    1t 

j     -a  a  «.    l              u«_    „  type  carried  out  nonenzymatically. 

was  compared  with  that  atter  complete  re-  7£L,      ,            ,,.      .    /              I 

action.  The  ratio  of  specific  rate  constants,  .r    ?.         x\.        .        .  l  °  ."           1    • 

/12/Z.13                        j  «.    u    1  Airn  „. ~  cincally  predicts  that  there  is  no  relation- 

k   Ik   j  was  measured  to  be  1.0260  at  room  *■•    1               ^         •                             11 

t  ship  between  the  activation  energy  and  the 

",_,,,.'               c  1       1        1    •       1  isotope  effect.  The  following  explanations 

The  relative  rates  ot  decarboxylating  the  j      a          .-                  • 

.     r             r  i    *          •        •111  are  proposed.    A  reaction  occurring  at  a 

isotopic  torms  ot  /-glutamic  acid  by  glu-  .  \ ,    . r      £              ,     r         u        °    ^   , 

.     1       1        1      &                          J   °  catalytic  surtace  may  be  formally  separated 

tamic  decarboxylase  .  .    Jc        .         _u      1         -    £     u-  u      -n 

7  into  nve  steps,  the  slowest  ot  which  will 

HOOC — CH2 — CH2 — CHNH2 —  determine  the  rate  and  the  kinetic  isotope 

P12mu  ^12    ^12^   _i_  lur^r^  effect  of  the  over-all  process.  The  steps  are 

pu      p-Lj      ppj  isju        f2\  >  '  transport  ot  reactants  to  the  active  site 

^  '  of  the  catalyst,  (2)  adsorption  of  the  re- 

HOOC — CH2 — CH2 — CHNH2 —  actants  on  the  catalyst,  (3)  reaction  on  the 

r13nfYW   ^13>>  pi3pi   _i-  T-TPinr  surface,  (4)  desorption  of  the  products,  and 

p-pj      p-Lj  2  pu  tsj-lj        /4\  (5)  transport  of  the  reaction  products  from 

^  '  the  surface  into  the  bulk  solution.  A  large 

were  studied  using  the  crystalline  enzyme  isotope  effect  will  occur  if  the  rate-deter- 

obtained   from   Nutritional   Biochemicals  mining  step  is  process  3  with  a  rupture  of 

Company  of  Cleveland,  Ohio.   The  ratio  a  bond  to  the  carbon  of  the  carboxyl  group, 

of  the  specific  rate  constants  ^12/^13  was  In   enzyme-catalyzed   reactions,   however, 

1.0259  at  room  temperature.  the  other  steps  can  be  rate  determining. 

These  decarboxylations  cannot  be  carried  They  would  be  expected  to  have  a  smaller 

out  nonenzymatically,  but  the  results  can  isotope  effect  than  the  actual  reaction  of  the 

be  compared  with  other  decarboxylations  molecule  in  step  3. 

THE  PHYSICAL  CHEMISTRY  OF  ISOTOPIC  SUBSTANCES 

The  Effect  of  Physical  Changes  on  Isotope  Accordingly,    measurements    have    been 

Fractionation  made  on  (1)  the  isotope  effect  in  the  solu- 

y  r  Ho    '  t^on  °^  ^^2  *n  water>   (2)    tne  effect  of 

varying  the  activity  coefficients  of  H2O18 
To  make  quantitative  applications  of  and  H2O16,  (3)  the  effect  of  pressure  on 
isotopes  in  geochemistry  it  is  necessary  to  isotope  fractionation,  and  (4)  the  tempera- 
have  experimental  evidence  about  the  effect  ture  coefficient  of  an  isotope  effect.  The 
of  temperature,  pressure,  composition,  and  isotope  fractionation  factor  accompanying 
other  variables   on    isotope   fractionation,  a  given  chemical  reaction  is,  in  general,  pri- 
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marily  dependent  on  the  temperature  and 
only  secondarily  on  some  of  the  other 
physical  variables  of  the  system.  A  notable 
exception  to  this  generalization  is  the  iso- 
tope effect  in  the  vaporization  of  water. 

The  fractionation  of  the  oxygen  and 
carbon  isotopes  between  gaseous  and 
aqueous  C02  was  studied  by  bringing  the 
phases  in  contact  until  isotopic  equilibrium 
was  established.  The  two  phases  were  then 
isolated,  and  a  sample  of  C02  was  quanti- 
tatively isolated  from  each.  The  enzyme 
carbonic  anhydrase  was  added  to  several 
runs  to  ensure  that  isotopic  equilibrium 
had  been  reached.  In  all  experiments  the 
/?H  of  the  solution  was  adjusted  so  that 
the  concentration  of  bicarbonate  ion  was 
negligible.  The  isotope  ratios  of  the  C02 
from  the  two  phases  were  compared  in  the 
mass  spectrometer.  The  fractionation  fac- 
tor for  the  reaction 

C1202  (g)  +  C1302  (aq)  ?± 

C1302  (g)  +  C1202  (aq)        (1) 

was  found  to  be  1.0008  at  26.9  °C.  The 
fractionation  factor  for  the  reaction 

C016016  (aq)  +  C016018  (g)  *± 

C016018  (aq)  +  C016016  (g)        (2) 

was  found  to  be  1.0018  at  26.9°C.  It  is 
interesting  to  note  that  the  heavy  isotope  of 
oxygen  and  the  light  isotope  of  carbon 
concentrate  in  the  aqueous  phase. 

The  change  of  the  fractionation  factor 
with  temperature  for  the  oxygen  isotopes 
in  C02  and  H20 

C016016  (g)  +  H2018  (/)  *± 

C016018  (g)  +  H2016  (/)        (3) 

was  measured  at  four  temperatures  be- 
tween 15.0°  and  46.0° C.  No  attempt  was 
made  to  measure  the  fractionation  factor 
itself.  The  temperature  coefficient  was 
—  0.190  per  mil  per  °C.  This  corresponds 
to  a  change  in  enthalpy,  AH0,  for  reaction 
3  of  -33.8  cal  per  mole  at  26.9°C.  The 
value  of  the  equilibrium  constant  for  re- 
action 3  is  given  in  the  literature  (Webster, 
Wahl,  and  Urey,  1935)  as  1.041.  The 
standard  entropy  change,  AS0,  is  then 
-0.0352  cal  per  degree  at  26.9 °C. 


The  equilibrium  constant  for  reaction  3 
can  be  written 


K  = 


H 


CO, 


[ 


a  J 


Ho0 


[Y~|  rcoiGoi8i 

LyJ  |coi6oi6j 

co2  _  J 

fTi  rH2°i8i 

Ly_L  Lh,H 


=  ra  (4) 


The  primes  indicate  molecules  with  the 
heavy  isotope;  a  is  the  thermodynamic  ac- 
tivity; y>  the  activity  coefficient;  a,  the 
measured  isotope  fractionation  factor.  The 
equilibrium  constant  is  a  product  of  an 
activity  coefficient  term,  T,  and  a  measured 
fractionation  factor.  At  a  fixed  tempera- 
ture and  pressure,  K  is  a  true  constant, 
and  changes  in  the  measured  fractionation 
factor  reflect  changes  in  the  activity  co- 
efficient term  brought  about  by  physical 
changes  in  the  system. 

In  a  series  of  experiments,  C02  gas  was 
brought  into  isotopic  equilibrium  with 
pure  water,  with  a  10  M  solution  of  lithium 
chloride  and  with  a  solution  of  30  weight 
per  cent  dioxane.  Since  these  solvents  are 
believed  to  interact  only  with  H20  and  not 
C02,  the  effects  result  from  changes  in 
the  ratio  of  the  activity  coefficients  of  the 
isotopic  forms  of  water.  The  isotopic  com- 
positions of  the  oxygen  in  the  C02  in  the 
gas  phase  were  compared,  and  Y  was  cal- 
culated for  the  different  solutions. 

If  the  value  of  Y  for  the  system  with 
pure  water  is  taken  to  be  1.0000,  its  value 
for  the  dioxane-water  mixture  is  0.9983  at 
25.9  °C.  It  is  interesting  to  note  that  the 
equilibrium  constant  for  the  exchange  of 
oxygen  isotopes  between  gaseous  water  and 
gaseous  C02  is  a  factor  of  1.008  larger  than 
that  for  gaseous  COz  and  liquid  H20. 
Diluting  H20  with  dioxane  shifts  the 
oxygen  isotope  fractionation  factor  for 
C02-liquid  H20  exchange  reaction  in  the 
direction  of  that  for  C02-gaseous  H20. 
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The  cause  of  this  shift  results,  in  part,  from 
the  breakdown  of  the  hydrogen  bonded 
structure  of  liquid  H20.  The  C02  is  then 
exchanging  with  monomeric  H20  mole- 
cules rather  than  the  polymeric  structure  of 
pure  liquid  H2O. 

The  value  of  V  for  the  concentrated 
solution  of  lithium  chloride  was  1.0008. 
This  is  caused  by  the  selective  solvation  of 
lithium  ions  by  water  slightly  enriched  in 
O18  leaving  the  bulk  solvent  enriched 
in  O16. 

Quantitative  treatments  of  geochemical 
problems  involving  the  isotopic  forms  of 
water  with  the  use  of  isotope  fractionation 
factors  should  consider  activity  coefficients. 
Little  is  known  of  the  activity  of  water  in 
supercritical  solutions,  in  silicate  melts,  or 
in  ore  solutions. 

Pressure  is  an  important  geological  varia- 
ble, and  its  effect  on  isotope  fractionation 
factors  is  of  interest  in  using  stable  isotopes 
as  geological  tracers.  A  theoretical  estimate 
can  be  made  of  the  maximum  pressure 
effect  for  the  exchange  of  oxygen  isotopes 
between  gaseous  H20  and  gaseous  CO2 

H2018  (g)  +  C016016  (g)  *± 

H2016  +  C016018       (5) 

The  problem  is  to  determine  whether  iso- 
topic substitution  makes  an  appreciable 
change  in  the  volume  of  a  molecule  and 
thus  introduces  a  PA  17  term  to  the  free 
energy  of  a  system.  The  equilibrium  con- 
stant for  reaction  5  is  given  by 


K  = 


(6) 


where  the  primes  indicate  substitution  by 
the  heavy  isotopes  and  Q°  the  statistical 
thermodynamic  partition  function  for  the 
species  indicated  by  the  subscript.  The 
ratios  of  partition  functions  are  assumed  to 
be  separable 


mm 


tic  [ 


electronic  [_  Q  Jtranslation 
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L  Q  Jrotation 


m 

L  Q  Jzero  point 


[ 


Q  J  vibration 


(7) 


Consideration  of  the  problem  shows  that 
the  only  term  that  could  be  affected  signifi- 
cantly by  pressure  is  the  ratio  of  the  vibra- 
tional partitional  functions.  If  the  chemical 
bonds  involving  the  isotopic  substitution 
are  assumed  to  be  harmonic  oscillators,  the 
substitution  will  change  the  frequency  of 
oscillation  but  not  the  amplitude  and 
hence  not  the  volume  of  the  molecule. 
However,  actual  chemical  bonds  are  anhar- 
monic  oscillators,  and  the  amplitude  of 
vibration  and  thus  the  volume  of  the  mole- 
cule containing  the  lighter  isotope  will  be 
greater  than  those  of  the  molecule  with  the 
heavy  isotope.  The  maximum  pressure 
effect  can  be  estimated  by  calculating  the 
equilibrium  constant  for  reaction  5,  assum- 
ing harmonic  oscillation  of  the  bonds,  and 
then  making  the  correction  for  the  an- 
harmonicity.  The  size  of  the  correction 
will  give  an  estimate  of  the  maximum  pos- 
sible effect  of  the  increased  volume  of  the 
molecule.  This  calculation  is  readily  made 
by  the  procedure  of  Bigeleisen  and  Mayer 
(1947),  and  the  correction  is  found  to  be 
only  1.001.  An  examination  of  tables  of 
spectroscopic  constants  for  those  isotopic 
molecules  that  have  been  measured  in  suffi- 
cient details  shows  that  the  anharmonicity 
correction  for  the  C02-H20  exchange  will 
be  relatively  large  in  comparison  with  other 
pairs,  so  that  the  effect  of  pressure  on 
isotope  fractionation  factors  will,  in  gen- 
eral, be  small  and  of  the  order  of  magni- 
tude of  experimental  errors. 

An  experimental  verification  of  this 
theory,  using  gaseous  CO2  and  gaseous 
H20,  is  not  readily  accomplished.  Pre- 
liminary experiments  were  made  using 
gaseous  C02  and  liquid  H20  under  argon 
pressures  of  4  kb.  These  experiments  were 
not  satisfactory,  owing,  in  part,  to  the  diffi- 
culty of  obtaining  high  pressures  of  argon 
free  of  oil  from  the  pumping  system.  In 
addition,  C02  is  more  soluble  under  high 
pressures  of  an  inert  gas.  This  discussion 
has  shown  that  solution  of  CO2  in  H20 
produces  isotope  fractionation.  It  would 
be  necessary  to  separate  the  change  in  the 
fractionation  factor  produced  by  the  en- 
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hanced    solubility    from    that    caused    by 
changes  in  pressure. 

The  effect  of  pressure  on  the  fractiona- 
tion of  the  oxygen  isotopes  between  bi- 
carbonate ion  and  water  was  studied: 


H2018  +  HC0316" 


H2O16  + 
HC0216018 


(8) 


A  solution  of  0.1  M  potassium  bicarbonate, 
pH  8.4,  was  sealed  in  polyethylene  tubing, 
placed  in  a  high-pressure  bomb,  and  filled 
with  water  to  a  pressure  of  4  kb.  Blank 
experiments  with  solutions  of  colored  dyes 
showed  that  polyethylene  was  satisfactory 
for  this  purpose.  At  this  p¥L  the  exchang- 
ing species  in  solution  is  predominantly  the 
bicarbonate  ion  in  equilibrium  with  only 
small  amounts  of  carbonate  ion  and  dis- 
solved carbon  dioxide.  The  effect  of  the 
high  pressure  is  to  shift  the  equilibrium 
slightly  in  the  direction  of  carbonate  ion, 
but  the  amount  of  this  shift  will  have  a 
negligible  effect  on  these  experiments.  The 
high-pressure  bombs,  along  with  identical 
samples  at  1  atmosphere  pressure,  were 
placed  in  a  thermostat  at  43.5°C  for  a 
period  known  to  be  greater  than  10  half- 
lives  of  the  exchange  reaction.  The  samples 
were  then  precipitated  with  an  excess  of 
barium  hydroxide,  centrifuged,  washed, 
and  dried.  No  isotope  exchange  is  induced 
by  this  separation  process.  Carbon  dioxide 
was  generated  from  the  barium  carbonate 
by  100  per  cent  phosphoric  acid,  and  the 
oxygen  isotope  ratios  of  the  CO2  from  the 
high-pressure  samples  were  compared  with 
those  of  the  CO2  from  samples  equilibrated 
at  1  atmosphere.  The  precision  of  the 
separation  and  isotopic  analysis  was  found 
to  be  ±0.2  per  mil  change  in  the  018-016 
ratio.  The  average  results  of  three  high- 
pressure  experiments  differed  from  the 
atmospheric-pressure  experiments  by  0.2  ± 
0.2  per  mil  in  the  oxygen  isotope  ratio. 

These  experiments  indicate  that  pressure 
is  not  an  important  variable  in  determining 
the  isotopic  composition  of  substances. 


The  Carbon  Isotope  Effect  in  the  Synthesis 
of  Diamond 

T.  C.  Hoering 

When  diamond  is  synthesized  from 
graphite  in  the  laboratory,  there  could  be 
either  the  equilibrium  among  the  isotopes 

C12(diamond)  +  C13(graphite)  *=± 

C13(diamond)  +  C12(graphite)        (1) 

or  a  competition  in  the  rates  among  the 
isotopes 

C12(graphite) >  C12(diamond)  (2) 

£13 

C13  (graphite) >  C13  (diamond)  (3) 

At  the  high  temperature  at  which  this 
synthesis  was  carried  out,  it  would  be  pre- 
dicted that  there  would  not  be  a  measurable 
isotope  effect  either  in  rates  or  in  equilib- 
rium. Since  the  reaction  is  carried  out  at 
a  very  high  pressure,  however,  and  since 
the  effect  of  pressure  on  isotope  effects  is 
unknown,  it  was  considered  worth  while 
to  carry  out  the  following  experiment. 

Diamond  was  synthesized  from  graphite 
by  Boyd  and  England  in  this  Laboratory 
at  a  pressure  of  70  kb  and  at  a  temperature 
higher  than  1700  °C  with  nickel  as  the 
metal  catalyst. 

Part  of  the  graphite  rod  used  in  the 
bomb  and  the  diamond  isolated  from  the 
run  were  combusted  to  CO2.  Preliminary 
experiments  showed  that  graphite  could  be 
combusted  with  a  reproducibility  of  better 
than  0.1  per  mil  difference  in  the  C13/C12 
ratio,  and  experiments  on  commercial  cut- 
ting diamonds  showed  a  reproducibility  of 
combustion  of  diamond  of  about  0.1  per 
mil. 

The  fractionation  between  the  graphite 
and  diamond  phases  measured  only  03  per 
mil  difference  in  the  C13/C12  ratio  (a  factor 
of  1.0003) .  Since  this  is  only  about  twice  the 
estimated  experimental  error,  there  appears 
to  be  litde,  if  any,  effect  of  pressure  at  this 
high  temperature. 
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The  Isotope  Effect  in  the  Low-Tempera- 
ture Adsorption  of  Gases 


T.  C.  Hoering  and  M.  Bufalini 


14 


The  isotope  fractionation  factor  for  sev- 
eral gases  adsorbed  on  different  adsorbents 
at  low  temperatures  has  been  measured. 
Adsorption  isotherms  for  the  systems  were 
measured  in  a  system  similar  to  those  used 
for  determination  of  surface  area  by  the 
Brunauer-Emmett-Teller  (BET)  method. 
Provision  was  made  to  remove  portions  of 


proximately  0.001,  because  of  the  slowness 
at  which  isotopic  equilibrium  is  reached. 
Phase  equilibrium  is  reached  rapidly,  but 
the  system  must  come  to  phase  equilibrium 
many  times  before  isotopic  equilibrium  is 
attained. 

Several  interesting  points  are  to  be  noted 
from  these  data.  For  systems  studied  at 
two  different  temperatures  there  is  very 
little,  if  any,  temperature  effect  between 
74°  and  193  °K.  The  fractionation  factor 
for  adsorption  of  gases  is  greater  than  that 


TABLE  13.  The  Isotope  Effect  in  the  Low-Temperature  Adsorption  of  Gases 


Adsorbent 


Adsorbate 


T,°K 


Fractionation 
Factor 


Charcoal 

Charcoal 

Silica  gel 

Silica  gel 

Alumina 

Alumina 

Cr2Os 

Cr203 

Iron 

Promoted 

Charcoal 

Charcoal 

Charcoal 

Charcoal 

Iron 

Silica  gel 

Silica  gel 


iron 


N14N15,  N*4N14 

84 

1.0093 

N14N15,  N14N14 

193 

1.0072 

2SJ14JVJ15     N14]SJ14 

84 

1.0074 

N14N15,  N*4N14 

193 

1.0087 

N14N15,  N14N14 

84 

1.0091 

^■14JsJ15     NX4]sJ14 

193 

1.0072 

J^14JsJ15     ^14^14 

84 

1.0018 

J^14JsJ15     2sJ14]sJ14 

193 

1.0028 

^14^-15     N14>J14 

84 

1.0018 

N14]SJ15    N14N14 

84 

1.0010 

Ne22,  Ne20 

84 

1.0297 

Ne21,  Ne20 

84 

1.0146 

Ar40,  Ar38 

84 

1.015 

Ar40,  Ar36 

193 

1.003 

Ar40,  Ar36 

84 

1.007 

016018j    016016 

90 

1.007 

C13H4,  C12H4 

90 

1.0056 

the  gas  and  adsorbed  phases  for  purifica- 
tion and  isotopic  analysis. 

The  experimentally  measured  quantity 
is  the  isotope  fractionation  factor 

I A  I  A.  J  adsorbed 

[A  /A\gas 

where  the  primes  indicate  the  molecule 
with  the  heavy  isotope  and  A'  and  A  are 
N15N14,  N14N14;  Ne22,  Ne20;  Ne21,  Ne20; 
Ar40,  Ar36;  018016,  016016;  C18H4,  C12H4. 
The  experimental  results  are  shown  in 
table  13.  The  heavy  isotope  concentrates 
in  the  adsorbed  phase.  The  errors  are  ap- 

14  Department    of    Chemistry,    University    of 
Arkansas,  Fayetteville,  Arkansas. 


reported  for  liquefaction  of  gases.  The  ad- 
sorption of  nitrogen  on  charcoal,  silica  gel, 
and  chromia  was  studied  as  a  function  of 
pressure  up  to  the  vapor  pressure  of  liquid 
nitrogen.  The  adsorption  isotherms  of 
nitrogen  on  these  adsorbates  showed  the 
characteristic  multilayer  adsorption,  but 
the  isotope  fractionation  factor  was  not  a 
function  of  pressure  and  did  not  approach 
the  value  for  liquefaction  at  high  pressure. 
The  comparison  of  Ne22-Ne20  and  Ne21- 
Ne20  fractionation  factors  shows  the  "rule 
of  the  geometric  mean"  to  hold  for  this 
process;  i.e.,  doubling  the  mass  difference 
approximately  doubles  the  isotope  effect. 
To  compare  isotope  fractionation  among 
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different  molecules,  it  is  most  meaningful 
to  compute  it  for  a  fixed  mass  difference. 
Thus,  the  values  in  table  14  are  shown 
calculated  for  a  10  per  cent  mass  difference. 
It  is  seen  that  the  adsorption  of  N2  re- 
sembles that  for  the  monatomic  gases  Ne 
and  Ar,  rather  than  the  molecules  O2  and 
CH4.  A  comparison  of  the  isotope  frac- 
tionation in  the  adsorption  of  nitrogen  on 
different  adsorbates  shows  them  to  break 
into  two  classes,  those  with  lower  heat  of 
adsorption  (charcoal,  silica  gel,  and  alu- 
mina) and  those  with  a  higher  heat  of 
adsorption  (chromia  and  iron). 


The  internal  vibration  may  also  be  per- 
turbed by  the  surface.  The  problem  is  then 
to  estimate  the  frequencies  of  the  new  vi- 
brations and  calculate  the  isotope  effect 
by  the  method  of  Bigeleisen  and  Mayer. 

If  we  take  the  energy  of  adsorption  as 
3000  cal  per  mole,  a  typical  number  for 
physical  adsorption  of  a  monatomic  gas, 
and  calculate  the  frequency  of  the  zero 
point  vibration,  by  making  the  harmonic 
oscillator  assumption  and  assuming  that 
the  adsorbed  atom  vibrates  against  a  sta- 
tionary surface,  we  can  calculate  that,  for 
two  monatomic  atoms  that  differ  in  mass 


TABLE  14.  Isotope  Effect  in  Adsorption  of  Gases  on  Charcoal  and  Silica  Gel  Calculated  for  a 

10  Per  Cent  Difference 


Adsorbent 


Adsorbate 


t,°k 


Fractionation 
Factor 


Charcoal 
Charcoal 
Charcoal 
Silica  gel 
Silica  gel 


Ne22,  Ne20 
Ar40,  Ar36 

N14JyJ16.8     J^14JsJ14 

ol6o19-2,'  oi6o16 

C13-2H4,  C12H4 


84 
84 
84 
90 
90 


1.0297 

1.015 

1.021 

1.0120 

1.0067 


A  semiquantitative  estimate  of  the  iso- 
tope effect  on  adsorption  of  monatomic 
gases  at  low  coverage  can  be  made,  based 
on  the  model  of  Hill  (1948).  The  three 
translational  degrees  of  freedom  of  a  mon- 
atomic gas  become  two  translational  de- 
grees (motion  parallel  to  the  surface)  and 
one  vibrational  degree  of  freedom  perpen- 
dicular to  the  surface.  The  three  trans- 
lational, two  rotational,  and  one  internal 
vibrational  degrees  of  freedom  of  a  sym- 
metrical diatomic  molecule  become,  on 
physical  adsorption,  two  translational,  two 
rotational,  one  internal  vibrational,  and  one 
vibrational  degree  perpendicular  to  the 
surface.  The  rotational  motion  will  be 
seriously  altered  by  the  surface,  and,  in  the 
extreme  case  of  a  very  high  barrier  to 
rotation  or  very  low  temperature,  the  two 
rotational  degrees  will  become  effectively 
one  degree  of  planar  rotation  and  one  de- 
gree of  vibration  (rocking  of  the  molecular 
axis  out  of  a  plane  parallel  to  the  surface). 


by  10  per  cent,  the  isotope  fractionation 
factor  at  83  °K  is  1.045.  This  elementary 
calculation  predicts  an  isotope  effect  about 
twice  that  observed.  Such  a  calculation  for 
symmetrical  diatomic  molecules  is  much 
more  difficult,  but  the  model  allows  us  to 
make  correct  qualitative  predictions.  Thus 
the  large  value  for  the  adsorption  of  nitro- 
gen on  charcoal,  alumina,  and  silica  gel 
indicates  that  the  rotational  and  vibrational 
degrees  of  freedom  of  the  gaseous  mole- 
cules are  not  perturbed  by  adsorbing  the 
molecule  on  a  surface,  and  thus  nitrogen 
is  adsorbed  like  an  inert  gas.  However, 
the  adsorption  of  nitrogen  on  iron  and 
chromia,  where  there  is  a  larger  heat  of 
adsorption,  indicates  that  several  processes 
are  going  on.  The  effect  of  converting  one 
translational  and  the  rotational  degrees  of 
freedom  to  surface  vibrations  is  to  increase 
the  isotope  effect,  but  the  effect  of  per- 
turbing the  internal  vibrations  of  the  nitro- 
gen molecule  is  to  decrease  it.  Apparently, 
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the  second  effect  is  more  important  in  these 
cases.  The  fact  that  there  is  a  carbon  iso- 
tope effect  in  the  adsorption  of  methane, 
where  there  is  no  direct  interaction  of  the 
carbon  atom  with  the  surface,  indicates  the 
importance  of  perturbing  the  internal  de- 
grees of  motion. 


The  lack  of  temperature  and  pressure 
effects  for  the  adsorption  of  nitrogen  on 
charcoal  is  puzzling  and  perhaps  points 
up  the  problem  of  the  fundamental  as- 
sumptions made  for  the  multilayer  model 
of  adsorption.  This  problem  has  been  dis- 
cussed by  several  authors  in  the  literature. 


ORGANIC  CHEMISTRY 
P.  H.  Abelson 


Thermal  Degradation  of  Algal  Protein 

Virtually  all  organic  chemicals  are  un- 
stable, degrading  at  rates  that  are  sharply 
dependent  on  temperature.  Some  indi- 
vidual compounds,  including  the  more 
stable  amino  acids,  however,  may  persist 
for  hundreds  of  millions  of  years.  In  nat- 
ural environments  substances  may  be  al- 
tered through  mutual  reactions.  In  a  prac- 
tical geochemical  situation  it  is  of  interest 
to  gauge  the  stability  of  amino  acids  in  the 
environment  of  chemicals  having  the  com- 
position of  living  matter.  This  can  be  esti- 
mated most  practicably  by  exposing  the 
test  object  to  elevated  temperatures,  for 
example  170  °C  for  some  days  or  143  °C  for 
some  weeks.  A  convenient  test  material  is 
C14-tagged  Chlorella  pyrenoidosa.  Two 
conditions  of  incubation  (wet  and  dry) 
were  employed.  In  one  the  Chlorella  was 
placed  in  glass  tubes  and  lyophilized,  and 
the  tube  was  sealed  off  while  a  vacuum 
was  maintained.  In  a  second  procedure  a 
suspension  of  Chlorella  was  placed  in  a 
tube  and  frozen,  and  the  tube  was  immedi- 
ately evacuated  and  sealed  off. 

After  incubation  at  elevated  temperature 
the  tubes  were  cooled  and  opened  and  ex- 
tracted with  hot  alcohol  and  acetone  fol- 
lowed by  10  per  cent  trichloroacetic  acid 
at  100°C.  The  crude  protein  residues  were 
hydrolyzed,  filtered,  and  dried  in  vacuo, 
and  aliquots  were  subjected  to  paper  chro- 
matography. Some  chromatographs  were 
developed  with  ninhydrin.  Others  were 
radioautographed.  In  figure  76,  plate  10, 
are  shown  photographs  of  ninhydrin  spots 
for  samples  incubated  both  wet  and  dry 


and  for  a  control  (nonincubated  sample). 
With  this  exposure  several  of  the  amino 
acids  have  been  almost  entirely  destroyed. 
In  the  dry  exposure,  for  instance,  serine  and 
threonine  have  disappeared;  arginine  is  al- 
most gone;  and  aspartic  acid,  lysine,  and 
tyrosine  are  markedly  diminished.  Alanine, 
glutamic  acid,  glycine,  isoleucine,  leucine, 
and  valine  were  not  much  affected.  Some 
new  spots,  presumably  degradation  prod- 
ucts, appear  in  the  region  above  alanine. 
The  sample  heated  in  the  presence  of  water 
showed  some  additional  effects.  Thus,  both 
aspartic  acid  and  phenylalanine  were 
absent. 

Incubations  were  also  conducted  at 
143  °C.  After  10  days  at  that  temperature 
only  limited  degradation  was  noted,  being 
most  apparent  in  a  decrease  in  the  amounts 
of  arginine,  serine,  and  threonine  to  about 
half  their  original  amounts.  After  32  days 
these  three  had  diminished  further,  and  in 
70  days  the  residual  amino  acids  yielded  a 
chromatogram  similar  to  those  shown  in 
figure  76. 

The  chromatograms  obtained  from  the 
dry  incubation  at  170  °C  are  very  similar 
to  those  obtained  earlier  from  amino  acid 
mixtures  extracted  from  fossils.  All  old 
fossil  amino  acid  mixtures  present  similar 
patterns,  but  a  series  of  fossils  of  Miocene 
age  (25  m.y.)  contained  a  mixture  strik- 
ingly similar  in  composition  to  that  of  the 
incubated  algae.  In  both  mixtures  alanine, 
glutamic  acid,  glycine,  isoleucine,  leucine, 
and  valine  were  the  major  constituents,  but 
small  amounts  of  aspartic  acid,  lysine,  pro- 
line, and  tyrosine  also  were  present.   An 
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incubation  for  10  days  at  170  °C  or  70  days 
at  143  °C  thus  has  approximately  the  same 
effect  as  25  m.y.  at  about  15  °C. 

In  addition  to  their  relevance  to  geo- 
chemistry these  observations  have  signifi- 
cance to  microbiology  and  particularly  to 
the  lethal  effects  of  time  and  temperature 
on  organisms.  The  most  resistant  spores 
are  destroyed  by  exposure  to  dry  heat  at 
170°C  in  20  minutes.  Under  such  condi- 
tions chemical  changes  occur  in  constitu- 
ents like  proteins  and  nucleic  acids,  and 
the  lethal  effects  of  temperature  could  be 
due  to  changes  in  both  or  either.  The 
current  experiments,  however,  show  that 
thermal  stability  of  the  constituent  amino 
acid  building  blocks  is  a  fundamental  limi- 
tation to  the  survival  of  intact  proteins.  In 
10  days  at  170  °C  about  half  the  amino  acid 
residues  have  disappeared. 

It  is  estimated  that  in  20  minutes  at 
170  °C  at  least  1  in  500  of  the  amino  acid 
residues  would  be  destroyed  and  on  the 
average  each  typical  protein  molecule 
would  experience  degradation  of  about  one 
of  its  constituent  residues.  We  can  further 
estimate  that  at  15  °C  a  similar  degree  of 
degradation  would  occur  in  35,000  years. 
Thus,  if  organisms  are  in  environments  in 


which  they  cannot  repair  damage,  they 
lose  viability  as  the  result  of  degradation 
of  their  constituents.  These  crude  estimates 
indicate  an  order  of  magnitude  of  potential 
survival  time  for  nonmetabolizing  organ- 
isms in  sedimentary  rock  of  earth  and 
point  to  limitations  on  the  continued  viabil- 
ity of  organisms  elsewhere  in  the  solar 
system. 

Extraterrestrial  Life 

The  possibility  of  life  elsewhere  in  the 
solar  system,  particularly  on  Mars,  has 
often  been  advanced  and  is  widely  ac- 
cepted. Usually  the  proponents  are  either 
astronomers  who  are  not  competent  in 
biology  or  biologists  who  have  not  ex- 
amined the  facts  available  to  astronomers 
and  geophysicists.  During  the  past  year 
available  data  on  the  lunar  and  planetary 
environments  were  examined  and  were 
matched  against  the  known  tolerances  and 
requirements  of  terrestrial  living  matter. 
As  a  result  it  was  concluded  that  life  as 
we  know  it  cannot  exist  on  the  moon, 
Venus,  Mars,  or  other  planets  of  the  solar 
system.  The  detailed  arguments  are  pub- 
lished elsewhere  (Abelson,  1961). 


CRYSTALLOGRAPHY 


Relationships  between  Crystal  Structure 
and  Crystal  Morphology 

J.  D.  H.  Donnay  15  and  G.  Donnay 

The  elucidation  of  the  relationships  be- 
tween the  external  shape  of  crystals  and 
their  intimate  architecture  remains  one  of 
the  fundamental  problems  in  present-day 
crystallography.  The  bounding  polyhedron 
of  a  well  developed  crystal  is  composed  of 
one  or  several  crystal  forms,  which  are 
symmetrical  assemblages  of  similar  faces 
("similar,"  in  this  context,  refers  to  the 
physical  appearance  of  the  surface  of  the 
faces,  not  to  their  actual  shapes  or  sizes). 
Why  are  some  crystals  of  the  cubic  system, 
for  instance,  bounded  by  a  cube,  like  NaCl, 

15  The  Johns  Hopkins  University. 


while  others  show  the  rhomb-dodecahe- 
dron or  the  tetragon-trioctahedron  (112), 
like  garnets,  or  the  octahedron,  accom- 
panied by  the  tetragon-trioctahedron  (113), 
like  magnetite  and  spinels?  Similar  ques- 
tions arise  in  any  crystal  system.  The  vari- 
ous forms  observed  on  the  crystals  of  any 
crystalline  species  are  known  to  occur  with 
different  frequencies;  the  common  forms 
usually  have  larger  faces  than  the  rare  ones. 
Although  external  factors,  such  as  condi- 
tions of  crystallization  and  impurities  in 
the  solution  from  which  the  crystals  sep- 
arate, certainly  play  a  role  in  modifying 
the  morphological  development,  it  is  clear 
that  their  influence  is  small  compared  with 
that  of  the  internal  factor — the  bond  as- 
semblage^— which     actually    controls     the 
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morphology  of  the  crystalline  species  as  a 
whole.  The  statistical  data  can  be  sum- 
marized in  a  list  of  forms  arranged  accord- 
ing to  decreasing  importance  (frequency 
and  size) .  Two  challenging  questions  face 
us:  (1)  What  aspects  of  the  crystal  struc- 
ture will  account  for  such  a  list?  And, 
conversely,  (2)  what  structural  features  can 
be  inferred  from  the  experimental  list? 

By  means  of  the  generalized  law  of 
Bravais  (Donnay  and  Harker,  1937),  it  is 
possible  to  determine  a  space  group  from 
the  morphology  of  a  crystal.  In  many  cases 
this  morphological  space  group  coincides 
with  the  structural  space  group,  deter- 
mined by  X  rays,  but  in  some  cases  it  is 
different.  Comparison  between  two  such 
differing  space  groups  can  lead  to  informa- 
tion on  the  crystal  structure. 

For  example,  in  columbite,  (Fe,Mn)- 
(Nb,Ta)206,  Taylor  (1940)  found  Pman 
as  morphological  space  group  (in  the  set- 
ting a:b:c~  0.4023:1:0.3580),  whereas 
Sturdivant  (1930)  had  obtained  Peon  as 
structural  space  group  (in  Taylor's  set- 
ting). The  crystal  forms  obey  the  follow- 
ing criteria:  (HKL),  no  condition; 
(0KL),  no  condition;  (H0L),  with  H 
even;  (HK0),  with  (H  +  K)  even.  In 
newberyite,  MgHPCX  *  3H20,  the  discrep- 
ancy is  between  Pbcm  (morphology)  and 
Pbca  (X  rays)  (see  Donnay,  Donnay,  and 
Kleber,  1961).  In  phosphoferrite-redding- 
ite,  (Fe,Mn)3  (P04)2-3H20  (Kleber  and 


Forms: 

Distances: 


026      /(024) 

1/3         1/2 


046 


2/3 


Donnay,  1961),  a  re-examination  of  the 
morphology  shows  Pmnb  as  morphological 
space  group,  whereas  the  structural  space 
group  has  recently  been  redetermined  as 
Pcnb  (Mary  Mrose,  private  communica- 
tion, 1961).  Note  that  in  all  three  examples 
the  difference  between  the  two  space 
groups  lies  in  the  character  of  one  zone, 
which  is  controlled  by  an  axial  glide  plane 
as  far  as  X-ray  reflections  are  concerned, 
but  which  indicates  (or  perhaps  simulates) 


the  presence  of  a  mirror  in  its  morphologi- 
cal development. 

Our  work  on  this  problem  has  led  to  a 
second  generalization  of  the  law  of  Bravais 
(see  Donnay  and  Donnay,  1961a).  In  brief, 
the  effective  interplanar  distances  are  af- 
fected not  only  by  the  systematic  extinc- 
tions, due  to  lattice  criteria  and  space- 
group  criteria,  but  also  by  accidental 
extinctions,  which  may  be  caused  by  for- 
tuitous values  of  atomic  coordinates,  say 
1/2,  1/3,  *  *  *  {structural  extinctions) ,  or 
may  result  from  atoms  lying  in  special 
position  in  the  space  group  {special  ex- 
tinctions) .  Confronting  the  structural  and 
the  morphological  space  groups  (if  they 
disagree)  leads  to  hints  as  to  crystal  struc- 
ture. Example:  In  columbite  the  (0KL) 
faces  form  a  simple  zone  with  (011)  domi- 
nant; the  corresponding  reciprocal-lattice 
net  would,  therefore,  appear  to  be  primitive 
with  mesh  (£*,  c#).  The  X-ray  results, 
however,  definitely  require  a  c  glide  plane 
in  the  crystal  structure,  which  demands 
(0KL)  with  L  even,  so  that  the  mesh  of 
the  reciprocal-lattice  net  must  be  (b*, 
2c*).  To  account  for  the  predominance 
of  (011)  in  the  zone,  we  must  postulate  a 
further  doubling  of  b*,  so  that  the  mesh 
will  be  (2b*,  2c#),  a  rectangle  of  the  same 
shape  as  (b*,  c*).  The  resulting  zone  will 
thus  be  simple  with  unit  face  dominant, 
but  all  the  (0KL)  faces  will  have  both 
K  and  L  doubled: 

/((022)  /2(042)      062       •  •  • 

/(064) 
1  2  3 

3/2 

This  type  of  zone  means  that  the  0KL 
forms,  as  a  group,  will  have  their  theoreti- 
cal importance  decreased  as  compared  with 
other  forms  of  columbite.  This  conclusion 
is  in  accordance  with  the  facts.  Consider 
the  theoretical  sequence  of  forms  in  order 
of  decreasing  importance  given  by  Taylor 
(1940,  p.  135)  for  space  group  Pman;  six 
forms  are  reported  as  unknown,  namely, 
031,  041,  051,  151,  240,  061.  Four  out  of 
the  six  are  0KL  forms;  they  will  now  be 
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written  062,  082,  0.10.2,  0.12.2,  and  will 
accordingly  recede  in  the  theoretical  list. 
Note  that  the  concept  of  morphological 
space  group  is  insufficient  to  account  for 
columbite  morphology:  the  morphology 
of  columbite  cannot  be  explained  by  the 
systematic  extinctions  of  any  space  group. 
What  is  the  physical  significance  of  the 
postulated  doubling  of  b*}  As  is  well 
known,  in  the  projection  of  the  crystal 
structure  onto  the  yz  plane,  the  mesh  be 


cally  significant"  ones,  because  they  are 
spanned  by  bonds  that  control  the  morphol- 
ogy of  the  species.  Such  atoms  constitute 
the  bond  assemblage  (French,  assemblage 
liaisons),  on  which  morphology  can  give 
information,  in  contrast  to  the  crystal  struc- 
ture, which  X-ray  diffraction  results  can 
help  elucidate. 

The  structural  space  group  and  crystal 
structure  of  columbite  (Sturdivant,  1930) 
have  been   drawn    (figs.  77  and  78)    in 
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Fig.  77.    Columbite  structural  space  group  Pcan,  in  Taylor's  orientation. 


is  rigorously  halved  along  c  by  the  effect 
of  the  c  glide  plane.  The  halving  of  c  holds 
for  the  projected  structure  in  all  its  details; 
it  corresponds  to  the  doubling  of  c*.  The 
postulated  doubling  of  b*,  which  only 
morphology  requires,  corresponds  to  the 
halving  of  b.  This  halving  cannot  be  ex- 
pected to  hold  for  all  the  projected  atoms 
in  the  projected  structure,  because,  if  it 
did,  the  criterion  "0KL,  only  with  K  and 
L  both  even"  would  have  to  be  obeyed 
by  X-ray  reflections,  and  it  is  not.  The 
halving  of  b  in  the  yz  projection  can  hold 
only  for  certain  projected  atoms,  which 
could  perhaps  be  called  the  "morphologi- 


Taylor's  orientation  abc,  which  is  related 
as  follows  to  that  of  Sturdivant  a'b'c: 

a  —  c ,    b  —  V ' ,    c  —  —a 

The  be  projection  shows  the  rigorous 
halving  of  c,  valid  for  all  projected  atoms, 
and  the  pseudo  halving  of  b,  which  holds 
for  the  iron  and  the  niobium  atoms  but 
not  for  the  oxygen  atoms.  The  concept  of 
PBC  (periodic  bond  chain)  vectors  (Hart- 
man  and  Perdok,  1955,  1956)  is  extremely 
useful  here;  it  explains  that  the  bonding 
period  along  the  projected  b  axis  is  equal 
to  b/2.  The  bonds  in  zigzag  that  consti- 
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tute  bond  chain  FeONbONbOFe  parallel  crystal  structure.  Two  main  types  of  crys- 
to  b  add  up  vectorially  to  a  resultant  tals  have  been  observed.  Type  I  can  be 
(a  +  b)/2  that  spans  the  distance  b/2  be-  correlated  with  compositions  in  which  Fe 
tween  successive  Fe  atoms  on  the  be  pro-  dominates  over  Mn.  It  is  the  type  de- 
jection. The  resultant  bond  is  of  the  same  scribed  by  Taylor  (1940),  with  morpholog- 
strength  regardless  of  the  relative  orienta-  ical  cell  identical  with  the  structural  cell 
tions  of  the  component  bonds,  down-up-  abc  and  morphological  space  group  Pman. 
•  •  •  or  up-down-  *  *  *  .  Note  that  the  con-  It  has  been  discussed  in  the  preceding 
cept  of  PBC  vectors  is  used  here  in  a  paragraphs.  Type  II  is  probably  to  be 
modified  form :    b/2  is  the  period  of  the  correlated  with  compositions  in  which  Mn 
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\)    Oxygen   #  Niobium       0  Iron  (combined    with    2-fold   axis) 
Fig.  78.    Crystal  structure  of  columbite  (Sturdivant,  1930). 


bond  chain  only  in  the  be  projection;  in 
three  dimensions  the  PBC  vector  is  b. 

So  far  we  have  dealt  with  the  first  prob- 
lem, namely,  using  the  known  crystal  struc- 
ture to  account  for  the  morphology.  Let 
us  now  turn  to  the  converse  problem: 
using  the  morphology  and  the  X-ray  space 
group  to  infer  structural  features  (see  Don- 
nay  and  Donnay,  1961<r). 

The  columbite-tantalite-manganocolum- 
bite-manganotantalite  series  of  solid  solu- 
tions is  particularly  favorable,  because  of 
the  wealth  of  morphological  information 
that  can  be  brought  to  bear  on  a  single 


dominates  over  Fe.  (The  effect  of  the 
Nb/Ta  ratio  on  the  morphology  is  prob- 
ably small,  but  more  work  will  be  needed 
to  ascertain  this  point.)  Its  morphological 
lattice  is  defined  by  the  subcell  (a,  b/3,  c) ; 
its  morphological  space  group  is  Pean 
(Pecora  et  al.,  1950).  It  is  known  (Brandt, 
1943)  that  all  these  solid  solutions  have 
one  and  the  same  crystal  structure,  namely, 
that  found  by  Sturdivant  (1930),  with  cell 
abc,  4  molecules  per  cell,  structural  space 
group  Pean.  (Brandt  compared  powder 
patterns,  cell  dimensions,  and  space  group 
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for  a  large  number  of  isostructural  com- 
positions.) 

The  morphological  observations  impose 
certain  conditions  on  the  projections  of  the 
structure.  They  can  be  summarized  as 
follows : 

The  subcell  (a,  b/3,  c)  is  the  true  cell 
for  the  bond  assemblage.  The  be  projec- 
tion must  have  b  halved  for  the  bond 
assemblage,  in  addition  to  c  halved  for  the 
whole  structure;  this  is  required  by  type-I 
morphology  (condition  A).  According  to 
type-II  morphology,  b  must  also  be  thirded 
for  the  bond  assemblage  (condition  B). 
(The  halving  of  c  for  the  bond  assemblage, 
required  by  type  II,  introduces  no  new 
condition.) 

In  the  ca  projection,  both  types  require  a 
to  be  halved  for  the  whole  structure  (con- 
dition C). 

The  ab  projection  must  show  the  third- 
ing  of  b  for  the  bond  assemblage  required 
by  type  II  (condition  D).  The  mesh  (a, 
b/3)  must  be  a  centered  mesh  for  the  bond 
assemblage  (type  II),  in  addition  to  the 
centering  of  the  mesh  ab  for  the  whole 
structure  (type  I)  (condition  E). 

Let  us  now  see  in  what  way  these  con- 
ditions will  restrict  the  placing  of  atoms 
in  the  cell  abc.  The  available  positions  in 
space  group  Pcan  are: 

4: (a)     0,  0,  0;     0,  0,  };    i,  i,  0;  *,  i,  * 

4:(b)     i,  0,  0;     *,  0,  h    0,  i  0;  0,  *,  \ 

4:(c)    x,  0,  i;    x,  0,  I;    h+x,  £,  i;    %—x,  i,  I 

8:(d)     x,y,z;    £— x,  \— y,  h+z 
x,  y,  z;    h-\-x,  h+y,  h—z 
h.—x,  i-f  y,  z;    x,  y,  h—z 
\-\-x,  h—y,  z;    x,  y,  \-\-z 

If  the  Fe  ions  were  to  be  placed  in  4(a) 
or  4(b),  condition  A  would  be  obeyed,  but 
condition  C  would  be  violated  because  c 
would  be  halved,  which  is  not  permitted. 
In  4(c),  however,  the  Fe  ions  satisfy  both 
conditions  A  and  C.  The  Nb  ions  must  go 
in  a  general  position  8(d),  and,  in  order  to 
be  able  to  third  b  so  as  to  obey  conditions 
B  and  D,  we  are  compelled  to  consider  all 


metal  ions  as  equivalent  in  their  effect  on 
morphology  (possibly  in  disorder).  We 
must  therefore  have 

#Nb  =  ZFe  =  1/4 

yNb  =  1/3 

ATNb  —  ^"Fe 

which  also  satisfies  conditions  C  and  E, 
because  the  metal  ions  in  the  subcell  (a, 
b/3,  c)  play  the  same  role  as  the  Fe  ions 
in  the  cell  abc.  The  solution  zm>  —  zf*  =  0 
is  to  be  rejected,  as  it  would  violate  condi- 
tion C.  The  twenty-four  O  ions  must  oc- 
cupy three  positions  8(d)  in  the  cell  abc 
(fig.  79);  they  will  be  designated:  80', 
80",  80"'.  They  should  be  placed  in  such 
a  way  that  they  can  be  regrouped,  in  each 
of  the  three  subcells  {a,  b/3,  c) ,  in  a  general 
position  8(d)  (figs.  79  and  80).  As  a  con- 
sequence of  this  requirement,  we  must 
have 

ZO'  =  ZO"  —  ZO'" 
XO'  —  XO"  =  XO'" 

yo'"  =  yo"  +  1/3 
yo-  =  yo'  +  1/3 

so  that  all  five  conditions  (A  to  E)  are 
obeyed.  It  is  obvious  that  the  oxygen  ions, 
roughly  speaking,  must  lie  somewhere  be- 
tween the  metal  ions,  say  at  yo'  in  the 
neighborhood  of  1/12.  None  of  the  mor- 
phological conditions  requires  yc  to  be 
rigorously  equal  to  1/12,  so  that  we  write 

yv  =  (1/12)  -  D,    yc  =  (5/12)  -  D, 

y0">  =  (9/12)  -  D 

where  D  is  unknown  but  small. 

Remaining   to   be   determined   are   the 
parameters 


XFe  =  XNb,      XO,      ZO, 


D 


that  is  to  say,  four  unknowns  instead  of  the 
original  thirteen. 

A  comparison  between  the  morphologi- 
cal requirements  and  Sturdivant's  actual 
results  is  given  in  table  15. 
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Fig.  79.    General  position  in  space  group  Pcan,  in  large  cell. 
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Fig.  80.     General  position  in  space  group  Vcan,  in  small  cell  (b>  —b/V), 
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TABLE  15.   Comparison  between  Morphological  and  Structural  Results  for  the  Columbite  Structure 


Morphological 
Requirements 


Structural  Results 
(Sturdivant,  1930) 


~Fe  =  *Nb  =  3/4 

D'  =  D"  =  D'"  =  small 

xO'  ==  -rO"  ==  *0'" 
#0'  =  ~0"  ==  ~0'" 


y<y 


#Fe  =  0.625;  #Nb  =  0.675 
yFe=0;  yNb  =  0.336 
sFe=3/4;  *Nb  =  0.750 

(1/12) -ZT;    y0«=(5/12)-D";    y0-  =  (9/12)-  D'" 
D'  =  -0.007;  D"  = +0.007;  D'"  =  0.000 
*0,  =  0.905;  ^0"  =  0-900;  z0,»  =  0.920 
z0,  =  0.917;  s0»  =  0.917;  sr0,„  =  0.930 


Relationship  between  Crystal  Structure  and 

Crystal  Optics  in  Bastnaesite-V aterite 

Solid  Solutions 

f.  D.  H.  Donnay  15  and  G.  Donnay 

By  a  study  of  cell  dimensions,  Semenov 
(1959)  and  McConnell  (1960)  independ- 
ently reached  the  conclusion  that  vaterite, 
u-CaCOa,  is  the  end  member  of  the 
bastnaesite-synchisite  solid-solution  series. 
These  authors  also  extrapolate  our  curves 
of  indices  of  refraction  (Donnay  and  Don- 
nay, 1953)  from  synchisite  to  vaterite.  We 
have  re-examined  this  solid-solution  series 
from  the  point  of  view  of  the  optical  prop- 
erties. In  order  to  make  a  valid  extrapola- 
tion, it  is  advantageous  to  have  linear 
curves;  we  have,  accordingly,  plotted  the 
square  of  the  ordinary  refractive  index 
(n02)  and  the  reciprocal  of  the  square  of 
the  extraordinary  index  (l/«e2),  as  given 
by  Wiener's  formulas  for  negative  form 
birefringence.  (These  curves  are  straight 
lines.)  The  agreement  between  predicted 
and  measured  values  confirms  that  vaterite 
is  the  end  member  of  the  series  and  in- 
dicates that  its  crystal  structure  is  of  the 
layer  type  (see  Donnay  and  Donnay, 
1961b).  Professor  H.  Curien  and  his  group 
(Laboratoire  de  Mineralogie,  Sorbonne, 
Paris)  have  synthesized  vaterite  and  have 
undertaken  the  determination  of  its  crystal 
structure,  with  a  view  to  bringing  direct 
confirmation  of  the  predictions  of  crystal 
optics. 


Crystal  Structure  of  Synthetic  Iron  Mica 
N.  Morimoto  16  and  J.  D.  H.  Donnay  15 

Preliminary  crystallographic  results  on 
an  artificial  mica,  KFe3(FeSisOio)(OH)2, 
which  was  synthesized  in  this  Laboratory 
at  700  °C,  under  2000  bars,  by  Wones  and 
Eugster,  were  reported  in  1958  (G.  Donnay 
and  Kingman,  Year  Book  57,  pp.  252-253). 
As  was  pointed  out  at  that  time,  this  com- 
pound is  peculiarly  suitable  for  crystallo- 
graphic work  because  only  ferric  iron  sub- 
stitutes for  silicon  in  tetrahedral  coordina- 
tion. It  was  suggested  that  a  knowledge  of 
its  crystal  structure  could  throw  light  on 
the  nature  of  the  substitution — order  or 
disorder.  The  work  on  the  determination 
of  the  crystal  structure  of  KFe3(FeSisOio)- 
(OH)2,  which  accordingly  was  under- 
taken, is  now  nearing  completion. 

The  crystals  were  examined  by  the  pre- 
cession and  Weissenberg  methods  with 
CuKa  and  MoKa  radiations.  The  lattice 
has  the  following  cell  dimensions: 
a  =  5.43  ±  0.01  A,  b  =  9.40  ±  0.01  A,  c 
=  10.32  ±  0.01  A,  (3  =  100°0'  ±  10'.  Weis- 
senberg photographs  around  the  a  axis 
were  taken  from  the  zero  layer  to  the  6th 
layer  and  around  the  b  axis  from  the  zero 
layer  to  the  2nd  layer.  The  total  number 
of  reflections  is  704,  including  reflections 
of  zero  intensity. 

The  presence  of  a  symmetry  center  was 
ascertained     by     the     Wilson     statistical 

16  Mineralogical  Institute,  University  of  Tokyo, 
Hongo,  Tokyo,  Japan. 
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method,  using  the  three-dimensional  data. 
Assuming  the  monoclinic  symmetry,  the 
only  possible  space  group  is  Cljtn.  Start- 
ing from  Pabst's  coordinates  for  biotite 
(Pabst,  1955),  a  two-dimensional  Fourier 
synthesis  was  made  for  (0^/).  Then  the 
least-squares  method  was  applied  using  the 
three-dimensional  data.  The  refinement  of 
the  structure  is  in  progress.  The  residual 
R  is  now  22  per  cent  for  all  h\l  reflections. 
From  preliminary  values  obtained  for  the 
coordinates   (table  16),  we  can  state  the 


following  conclusions :  (1)  Most  of  the  syn- 
thetic materials  show  twinning  by  60°, 
120°,  or  180°  rotation  around  the  c  axis. 
(2)  The  Fe3+  and  Si4+  ions  are  in  random 
distribution  in  the  oxygen  tetrahedra  of  the 
structural  layer  FeSisOio.  (3)  The  devia- 
tions of  the  atomic  coordinates  in  the  Fe 
mica  from  those  in  the  biotite  structure  are 
relatively  small,  and  the  distortion  from 
hexagonal  symmetry  of  the  layer  is  slight, 
as  compared  with  the  brittle  micas 
(Takeuchi  and  Sadanaga,  1959). 


TABLE  16.  Comparison  of  Atomic  Coordinates 


Biotite  (Pabst,  1955) 

Fe  Mica 

(not  final) 

x 

y 

z 

X 

y 

z 

2K 

0 

0.500 

0 

2K 

0 

0.500 

0 

2Mgl 

0 

0 

0.500 

2Fej 

0 

0 

0.500 

4Mg„ 

0 

0.33 

0.500 

4Fen 

0 

0.332 

0.500 

40H 

0.63 

0 

0.38 

40H 

0.633 

0 

0.410 

40x 

0.055 

0 

0.16 

40r 

0.992 

0 

0.163 

SO„ 

0.805 

0.25 

0.16 

SOn 

0.807 

0.254 

0.170 

80m 

0.63 

0.33 

0.38 

80m 

0.631 

0.322 

0.397 

8(Si,Al) 

0.575 

0.33 

0.22 

8(Si,Fe) 

0.590 

0.333 

0.228 

MISCELLANEOUS  ADMINISTRATION 


Symposium  on  Craters 

The  formation  of  craters  is  a  topic  of 
widespread  interest  and  relevance.  The 
coming  exploration  of  the  moon  has 
focused  attention  on  consequences  of  mete- 
orite impacts  both  there  and  on  the  earth. 
More  than  a  score  of  fossil  craters  have 
been  identified  on  earth,  partly  as  a  result 
of  the  discovery  by  Shoemaker  and  Chao  of 
the  U.  S.  Geological  Survey  of  an  associa- 
tion of  dense  minerals  such  as  coesite  with 
these  craters.  At  the  same  time  the 
Lawrence  Radiation  Laboratory  and 
Sandia  Corporation  had  collected  a  large 
amount  of  data  on  the  process  of  producing 
craters  with  underground  nuclear  and 
chemical  explosions  as  part  of  Project  Plow- 
share— the  industrial  uses  of  nuclear  ex- 
plosions. 

Dr.  Gerald  W.  Johnson  of  the  Lawrence 
Radiation  Laboratory  suggested  that  mu- 
tual interaction  among  those  interested  in 


all  facets  of  craters  might  be  extremely  use- 
ful. His  suggestion  was  adopted,  and  a 
symposium,  organized  by  Gordon  J.  F. 
MacDonald  of  the  National  Aeronautics 
and  Space  Administration  and  Wilmot 
N.  Hess  of  the  Lawrence  Radiation  Labo- 
ratory was  conducted  at  the  Geophysical 
Laboratory  on  March  28  and  29,  1961.  Ses- 
sions were  held  on  the  theory  of  the  forma- 
tion of  craters  and  experiments  designed 
to  create  impact  and  explosion  craters. 
Terrestrial  and  lunar  occurrences  were  de- 
scribed and  analyzed  in  detail. 

An  interesting  comparison  of  impact 
craters  and  explosion  craters  was  attempted 
at  the  end  of  the  conference.  It  was  de- 
cided that  if  the  projectile  that  produced 
an  impact  crater  was  sufficiently  supersonic 
the  cratering  process  was  an  explosion, 
since  at  the  instant  when  the  material  of 
the  projectile  is  stopped  in  the  target  the 
resulting  compacted  material  has  a  specific 
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energy  several  times  larger  than  TNT.  Be-  Jack  Green  (North  American  Aviation, 
cause  of  this  an  impact  crater  and  a  nuclear  Inc.),  W.  N.  Hess  (Lawrence  Radiation 
explosion  crater  are  relatively  similar.  A  Laboratory),  G.  W.  Johnson  (Lawrence 
nuclear  explosion  crater  is  more  compara-  Radiation  Laboratory),  John  Lewis  (De- 
ble  to  the  effects  of  meteorite  impact  than  fense  Atomic  Support  Agency  Head- 
a  chemical  explosion  crater  because  non-  quarters),  Paul  Lowman  (National  Aero- 
condensable  gases  are  not  made  by  the  nautics  and  Space  Administration),  G.  J.  F. 
nuclear  explosion.  There  are  differences  in  MacDonald  (National  Aeronautics  and 
an  impact  crater  and  a  nuclear  explosion  Space  Administration),  V.  E.  McKelvey 
crater  because  (1)  the  impact  makes  an  (U.  S.  Geological  Survey),  B.  F.  Murphey 
explosion  starting  from  a  line  source  (Sandia  Corporation),  Milo  Nordyke 
whereas  the  nuclear  explosion  is  essentially  (Lawrence  Radiation  Laboratory),  John 
a  point  source,  and  (2)  the  momentum  as-  Nuckolls  (Lawrence  Radiation  Labora- 
sociated  with  the  impact  explosion  creates  tory),  John  O'Keefe  (National  Aeronautics 
a  material  flow  that  is  different  from  an  and  Space  Administration),  E.  J.  Opik 
underground  point  source  explosion  and  (University  of  Maryland),  W.  T.  Pecora 
creates  different  velocities  of  the  ejecta.  (U.  S.  Geological  Survey),  E.  M.  Shoe- 
Impact  crater  ejecta  velocities  appear  larger  maker  (U.  S.  Geological  Survey),  Nicholas 
than  underground  explosion  crater  ejecta  Short  (Lawrence  Radiation  Laboratory), 
velocities.  With  these  exceptions  impact  J.  N.  Strange  (U.  S.  Army  Waterways  Ex- 
craters  and  explosion  craters  seem  quite  periment  Station) ,  Robert  Vaile  (Stanford 
similar,  especially  at  distances  from  the  Research  Institute),  C.  E.  Violet  (Law- 
explosion  source  of  a  source  line  length  or  rence  Radiation  Laboratory),  Luke  Vort- 
more.  Terrestrial  meteor  craters  seem  quite  man  (Sandia  Corporation),  F.  L.  Whipple 
similar  to  shallow  burial  explosion  craters.  (Smithsonian  Astrophysical  Observatory), 

A  selected  group  of  the  papers  given  at  and  H.  S.  Yoder,  Jr.  (Geophysical  Labora- 
the  symposium  will  be  published  in  the  tory). 
October  1961  issue  of  the  Journal  of  Geo- 
physical Research,  and  the  complete  series  Woodring  Symposium  on  Major  Biologic 
will  appear  as  a  Lawrence  Radiation  Labo-  Innovations  and  the  Geologic  Record 
ratory  (Livermore,  California)  report. 

Participants  in  the  symposium  included  The  origin  and  evolution  of  life  are  prob- 

the  following:   P.  H.  Abelson  (Geophysi-  lems  of  universal  and  long-term  interest, 

cal  Laboratory),   Andrew   Assur    (U.   S.  However,  a  conjunction  of  developments  in 

Army  Cold  Regions  Research  and  Engi-  a  number  of  areas  of  science  made  it  par- 

neering  Laboratory),  Roger  Batzel  (Law-  ticularly  timely  to  convoke  a  closed  work- 

rence  Radiation  Laboratory),  C.  S.  Beals  ing  symposium,  entitled  Major  Biologic  In- 

(Dominion  Observatory,  Canada),  R.  L.  novations  and  the  Geologic  Record.  These 

Bjork    (Rand  Corporation),  F.  R.  Boyd  developments    include:     (1)     Laboratory 

(Geophysical  Laboratory),  Mrs.  Winifred  studies    on    the    inorganic    synthesis    of 

F.   Cameron    (National  Aeronautics   and  moieties  of  biologic  interest— amino  acids, 

Space    Administration),     A.    J.     Chabai  peptides,  and  a  variety  of  small  organic 

(Sandia    Corporation),    E.    C.    T.    Chao  chemicals.  (2)  The  development  and  ex- 

(U.  S.  Geological  Survey),  Alvin  Cohen  ploitation  of  nuclear  dating  methods  which 

(Mellon  Institute),  G.  L.Evans  (Louisiana  are    permitting   accurate    dating   of   Pre- 

Land    and    Exploration     Co.,    Midland,  cambrian  sedimentary  rocks.  (3)  The  dis- 

Texas),  D.  E.  Gault  (NASA  Ames  Re-  covery  of  fossil  specimens  of  algae,  bacteria, 

search    Center),    J.    J.    Gilvarray    (Allis-  and  molds,  some  in  the  form  of  pyrite, 

Chalmers  Manufacturing   Company),  E.  others  as  silica,  and  even  preservation  of 

Graves  (Lawrence  Radiation  Laboratory),  only  slightly  chemically  modified  organic 
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matter  maintaining  original  structures. 
Some  of  the  pyrite  and  silica  forms  have 
been  noted  in  sediments  of  ages  from  Re- 
cent to  early  Precambrian.  (4)  An  increas- 
ing belief  on  the  part  of  paleontologists 
that  evolutionary  history  has  been  char- 
acterized by  a  limited  number  of  great  and 
very  successful  innovations.  (5)  The  devel- 
opment of  substantially  increased  and 
productive  research  activity  in  organic  geo- 
chemistry and  associated  paleobiochemis- 
try.  (6)  Rich  discoveries  in  the  area  of  com- 
parative biochemistry,  particularly  in  the 
analysis  of  amino  acid  content  and  se- 
quence in  proteins. 

The  problem  of  correlating  biochemical 
and  phenotypical  evolution  was  raised  by 
W.  P.  Woodring  at  the  spring  meeting  of 
the  Academy  in  1951.  This  led  to  the 
organization  of  a  highly  productive  con- 
ference on  biochemistry,  paleoecology,  and 
evolution,  held  at  Shelter  Island  in  June 
1953.  Early  in  1961  several  of  the  partici- 
pants in  that  conference  decided  that  it 
was  time  for  a  new  multidisciplinary  con- 
sideration of  major  biological  innovations 
in  the  context  of  the  geologic  record,  and 
with  emphasis  on  the  nature,  manifesta- 
tions, and  timing  of  events  leading  to  the 
first  Metazoa.  P.  H.  Abelson,  W.  H.  Brad- 
ley, P.  E.  Cloud,  Jr.,  Sterling  Hendricks, 
K.  E.  Lohman,  and  W.  W.  Rubey  consti- 
tuted an  organizing  committee  whose  ac- 
tivities were  sponsored  by  the  National 
Academy  of  Sciences  and  Carnegie  Insti- 
tution of  Washington.  The  symposium 
was  supported  by  funds  from  the  National 
Science  Foundation  which  were  adminis- 
tered by  the  Geophysical  Laboratory.  The 
conference  was  named  in  recognition  of 
its  ancestry  and  in  appreciation  of  Wood- 
ring's  outstanding  contributions  to  science. 

The  Woodring  Conference  was  held  at 
Big  Meadows  Lodge,  Skyline  Drive, 
Virginia,  June  14-16,  1961.  It  was  attended 
by  23  biologists  and  geologists:  P.  H.  Abel- 
son  (Geophysical  Laboratory),  C.  B.  An- 
finsen  (National  Institutes  of  Health),  Elso 
Barghoorn   (Harvard  University),  David 


Bonner  (University  of  California,  San 
Diego),  W.  H.  Bradley  (U.  S.  Geological 
Survey),  M.  N.  Bramlette  (Scripps  Insti- 
tution of  Oceanography),  Melvin  Calvin 
(University  of  California,  Berkeley),  P.  E. 
Cloud,  Jr.  (U.  S.  Geological  Survey), 
Marcel  Florkin  (University  of  Liege, 
Belgium),  S.  W.  Fox  (Oceanographic  In- 
stitute, Florida  State  University),  R.  M. 
Garrels  (Harvard  University),  S.  B.  Hen- 
dricks (U.  S.  Department  of  Agriculture), 
T.  C.  Hoering  (Geophysical  Laboratory), 
H.  D.  Holland  (Princeton  University), 
M.  K.  Hubbert  (Shell  Oil  Company), 
H.  L.  James  (U.  S.  Geological  Survey), 
K.  E.  Lohman  (U.  S.  Geological  Survey), 
H.  A.  Lowenstam  (California  Institute  of 
Technology),  N.  W.  Pirie  (Rothamsted 
Experimental  Station,  England),  D.  L. 
Ray  (National  Science  Foundation),  Roger 
Stanier  (University  of  California,  Berke- 
ley), J.  R.  Vallentyne  (Cornell  University), 
and  W.  P.  Woodring  (U.  S.  Geological 
Survey). 

A  resume  of  the  proceedings  of  the  sym- 
posium is  to  be  published  in  an  autumn 
issue  of  the  Proceedings  of  the  National 
Academy  of  Sciences. 

Journal  of  Geophysical  Research 

The  Journal  of  Geophysical  Research  is 
published  monthly  by  the  American  Geo- 
physical Union  with  P.  H.  Abelson  (Geo- 
physical Laboratory)  and  J.  A.  Peoples,  Jr. 
(University  of  Kansas),  as  co-editors. 
About  half  of  the  editorial  work,  including 
manuscripts  on  upper  atmosphere  and 
space,  as  well  as  some  of  the  papers  involv- 
ing geochemistry,  are  handled  at  this  Labo- 
ratory. The  Journal  is  regarded  by  many 
as  the  world's  leading  geophysical  publica- 
tion. A  press  release  61-34  of  February  27, 
1961,  by  the  National  Aeronautics  and 
Space  Administration  contains  the  follow- 
ing statement: 

A  bibliography  has  been  compiled  of  USSR 
periodical  literature  in  space  physics,  appear- 
ing in  reputable  Soviet  publications  {Proceed- 
ings of  the  Soviet  Academy,  Geophysics  Bulle- 
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tin  of  the  Soviet  Academy,  Soviet  Astronomy,  B.  R.  Doe  lectured  at  the  Isotopes  Branch 

Soviet  Jetp,  Soviet  Physics  Express)  and  also  0f  the  U.  S.  Geological  Survey. 

5^£ritlSh)  ]°Urnal  °f  Planetary  and  SpUCe         H.  J.  Greenwood  addressed  the  Gordon 

^'comparison,  NASA  has  examined  the  ^l™0*011  ™Sh-P£ssurc  Research  at 
contents  of  the  Journal  of  Geophysical  Re-  Menden,  New  Hampshire. 
search  for  the  years  1958-1960.  The  Journal  T.  C.  Hoering  lectured  to  the  Geological 
of  Geophysical  Research  is  the  principal  Society  of  Washington,  the  Washington 
medium  for  the  publication  of  space  physics  Section  of  the  American  Chemical  Society, 
in  the  US,  and  contains  approximately  half  of  and  the  Research  Laboratory  of  the  Pro- 
all  papers  on  this  subject  and  related  topics  duction  Research  Division  of  the  Sinclair 

in  the  earth  sciences .Oil  Company,  Tulsa,  Oklahoma.  He  also 

The  table  below  lists  US  and  USSR  contn-  addressed  the  Gordon  Research  Conference 
butions  gathered  trom  these  sources  for  the  .u    nu     •  j  ou       •  .        r  t 
years  1958-1960.    The  1960  figures  are  ex-  ^  the  Physics  and  Chemistry  of  Isotopes  at 
trapolated  from  the  volume  of  publication  for  New  Hampton  New  Hampshire,  and  the 
the  first  six  months  of  1960.  Wendell  Woodring  Conference  on  Major 
1Q58     1QSQ      1Q60  Biologic    Innovations    and    the    Geologic 
tjssr            5          3          17  Record  held  at  Big  Meadows  Lodge,  Sky- 
US  (JGR)      5         64         111  hne  Drive,  Virginia. 
Though  publishing  about  4800  pages  a         G-  K"llerud  gave  a  series  of  ten  lectures 
year,  the  Journal  has  one  of  the  fastest  at  £c  Department  of  Geology,  Dartmouth 
publication  times  among  scientific  journals.  College;  five  lectures  at  the  Department  of 
This  accomplishment  is  due  to  the  effective  peol°gy>  Colorado  School  of  Mines;  two 
efforts  of  Dr.  and  Mrs.  Peoples  at  Kansas,  lectures  _  at  the  Department  of  Geology, 
and  the  cooperation  of  Mrs.  Lucile  Stryker  University  of  Michigan;  as  well  as  single 
and  Mrs.  Virginia  Rapport  of  Carnegie  lectures1  at  the  Symposium  on  Geochemis- 
Institution,  and  Mr.  A.  D.  Singer  of  the  ^^  the  International  Union  of  Geodesy 
Geophysical  Laboratory.  and   Geophysics,    Helsinki,   Finland,   the 

Department  of  Geology  at  Columbia  Uni- 

Lectures  versity,  and  the  Department  of  Metallurgy 

^     .         .  re  i  and  Sigma  Xi  at  the  Colorado  School  of 

During  the  report  year  start  members  \fmes 

were  invited  to  present  lectures  as  follows :         t  t?"  e  l  •       i  j  .    a.    xt       v    i 

t,   TT    .,    ,     r  ,  ,         ,     XT    .       t  J.  r.  Schairer  lectured  to  the  New  York 

1 .  H.  Abelson  lectured  to  the  National  >/•        i     •    i   r>i  u        xt        v    i     xt 

.      ,  ro  .  A  ,,  Mineralogical  dub  at  New  York,  New 

Academy  or  Sciences  at  its  Autumn  Meet-  v    i       A°  .  .  la 

/   TT  .        .        c  -^  ,       .      TT  York.   As  a  participant  in  the  American 

ing  at  the  University  or  Pennsylvania.  He  ^     ,     .    ,   /  .    /T7.  ..       ^        . 

ill  i    i     o  •  it  Geological  Institute  Visiting  Geoscientist 

also  addressed  the  Symposium  on  the  Im-  r>  r  r  r      i 

r  o  -n  1  1      <-  •  Program,  he  gave  a  series  or  hve  lectures 

pact  or  Space  Research  on  the  Sciences  l         i      -k  r  ^     i  j 

,V     j      a        •        a        •    •      r  each  at  the  Departments  or  Geology  and 

sponsored  by  the  American  Association  tor  ^,       .  ,-  ~r        ^  1t  ,     °i      , 

A     a  j  £  c  •  t  xt      v    i  Chemistry  or  Boston  College  and  at  Brook- 

the  Advancement  or  Science  at  New  York  i       p  11 

City    and    the    Theobald    Smith    Society  '  J°  ' 

(New    Jersey    branch    of    the    American         G.  R.  Tilton  spent  the  academic  year  as 

Society  for  Microbiology)  at  Rutgers  Uni-  a  V*sltmg  Professor  at  the  University  of 

versitv.  Bern,  Switzerland,  to  assist  in  setting  up  a 

F.  Chayes  lectured  at  the  Department  of  laboratory  for  trace  element  studies  and 

Geology  at  Yale  University.  geochronology.  He  gave  a  series  of  lectures 

S.  P.  Clark,  Jr.,  as  Chairman  of  the  Sec-  at  the  Physikalisches  Institut  at  Bern  and 

tion  on  Geophysics,  addressed  the  Sym-  at  other  European  institutes, 
posium  on  Temperature— Its  Measurement         H.  S.  Yoder,  Jr.,  gave  a  series  of  six  lec- 

and  Control  in  Science  and  Industry  at  tures   each    at    Clemson    College   and    at 

Columbus,  Ohio.  Louisiana  Polytechnic  Institute  in  connec- 
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tion  with  the  American  Geological  Insti- 
tute Visiting  Geoscientist  Program.  He 
also  gave  a  series  of  four  lectures  at  the 
University  of  Toronto  and  presented  the 
Honorary  Presidential  Address  of  the 
Adams  Club  at  McGill  University.  A  lec- 
ture was  delivered  at  the  Mineral  Synthesis 
Symposium  of  the  International  Miner- 
alogical  Association  held  in  Copenhagen. 
R.  A.  Yund  addressed  the  Department 
of  Geology  at  Brown  University. 

Penologists'  Club 

Seven  meetings  of  the  Penologists'  Club 
were  held  at  the  Laboratory  this  year.  In 
addition  a  field  trip  was  conducted  by 
G.  H.  Espenshade  of  the  U.  S.  Geological 
Survey  to  the  Arvonia  slate  quarries  and 
the  Willis  Mountain  and  Baker  Mountain 
kyanite  deposits  in  the  south-central  Vir- 
ginia Piedmont.  The  following  papers 
were  presented: 

"Stability  and  polymorphism  of  cordierite," 
by  W.  F.  Schreyer  (Geophysical  Laboratory). 

"Welded  tuffs  and  related  pyroclastic  de- 
posits in  northeastern  Japan  and  their  gene- 
sis," by  Kenzo  Yagi  (Tohoku  University). 

"Some  aspects  of  the  Stillwater  igne- 
ous complex,"  by  H.  H.  Hess  (Princeton 
University). 

"Chlorites,"  by  A.  C.  Turnock  (Geophysi- 
cal Laboratory). 

"Mineral  facies  in  pelitic  schists,"  by  J.  B. 
Thompson,  Jr.    (Harvard  University). 

"The  system  enstatite-anorthite-diopside," 
by  Kai  Hytonen  (Geophysical  Laboratory). 

"Reactions  between  metal  and  oxide 
phases,"  by  Arnulf  Muan  (Pennsylvania  State 
University). 


The  Summary  of  Published  Work  below 
briefly  describes  the  papers  published  in 
scientific  journals  during  the  report  year. 
In  addition,  the  following  papers  are  now 
prepared  for  publication:  P.  H.  Abelson, 
"Geochemistry  of  amino  acids";  R.  G. 
Arnold  and  Laura  E.  Reichen,  "Measure- 
ment of  the  metal  content  of  naturally 
occurring,  metal-deficient,  hexagonal  pyr- 
rhotite  by  an  X-ray  spacing  method";  F.  R. 


Boyd,  "Phase  equilibria  in  silicate  systems 
at  high  pressures  and  temperatures:  Ap- 
paratus and  selected  results";  W.  L.  Brown, 
N.  Morimoto,  and  J.  V.  Smith,  "A  struc- 
tural explanation  of  the  polymorphism  and 
transitions  of  MgSiOs";  F.  Chayes,  "Nu- 
merical correlation  and  petrographic  varia- 
tion"; G.  A.  Chinner  and  J.  F.  Schairer, 
"The  join  Ca3Al2Si30i2-Mg3Al2Si30i2  and 
its  bearings  on  the  system  CaO-MgO- 
Al203-Si02  at  atmospheric  pressure";  S.  P. 
Clark,  Jr.,  "Heat  flow  in  the  Austrian 
Alps";  S.  P.  Clark,  Jr.,  "Temperatures  in 
the  continental  crust";  S.  P.  Clark,  Jr.,  "A 
redetermination  of  equilibrium  relations 
between  kyanite  and  sillimanite";  J.  D.  H. 
Donnay  and  G.  Donnay,  "Centers  of 
charges  inferred  from  barite  morphology"; 
J.  D.  H.  Donnay  and  G.  Donnay,  "Ponc- 
tualisation  des  charges  dans  les  structures 
cristallines  du  type  ionique";  W.  G.  Ernst, 
"Stability  relations  of  glaucophane" ;  G. 
Kullerud,  "Sulfide  research";  G.  Kullerud 
and  R.  A.  Yund,  "The  Ni-S  system  and 
related  minerals";  N.  Morimoto  and  L.  A. 
Clark,  "Arsenopyrite  crystal-chemical  re- 
lations"; N.  Morimoto  and  G.  Kullerud, 
"Polymorphism  in  bornite";  E.  H.  Rose- 
boom,  Jr.,  "Skutterudites,  (Co,Ni,Fe)- 
As3-#:  Composition  and  cell  dimensions"; 
W.  Schreyer  and  J.  F.  Schairer,  "Metastable 
osumilite-  and  petalite-type  phases  in  the 
system  MgO-Al203-Si02";  W.  Schreyer 
and  J.  F.  Schairer,  "Compositions  and 
structural  states  of  anhydrous  Mg-cordier- 
ites:  A  reinvestigation  of  the  central  part 
of  the  system  MgO-Al203-Si02";  W. 
Schreyer  and  J.  F.  Schairer,  "Metastable 
solid  solutions  with  quartz-type  structures 
on  the  join  Si02-MgAl204  (spinel)";  B.  J. 
Skinner,  S.  P.  Clark,  Jr.,  and  D.  E.  Apple- 
man,  "Molar  volumes  and  thermal  expan- 
sions of  andalusite,  kyanite,  and  silliman- 
ite"; G.  R.  Tilton,  "Review  and  compari- 
son of  isotopic  dating  methods";  R.  A. 
Yund,  "Phase  relations  in  the  system  Ni- 
As";  R.  A.  Yund,  "The  system  Ni-As-S: 
Phase  relations  and  mineralogical  signifi- 
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SUMMARY  OF  PUBLISHED  WORK 


(1329)  Diabase-granophyre  relations  in  the 
Endion  sill,  Duluth,  Minnesota.  W.  G. 
Ernst.    /.  Petrol,  1,  286-303,  1960. 

The  gently  dipping  1500-ft  thick  Endion 
sill  intrudes  Keweenawan  flows  at  Duluth, 
Minnesota.  In  a  general  way,  from  the  bot- 
tom to  the  top  of  the  body,  there  is  a  gradual 
transition  from  diabase  through  intermediate 
rock  (granodiorite)  to  granophyre  (adamel- 
lite).  These  last  two  rock  types  together  con- 
stitute about  40  per  cent  of  the  exposed  mass. 
Fractional  crystallization  of  basaltic  magma 
produced  a  great  thickness  of  basic  and  inter- 
mediate rock  types  which  accumulated  pre- 
dominantly in  the  lower  parts  of  the  sill,  and 
probably  in  the  end-stage  production  of  an 
aqueous,  salic,  alkalic  liquid.  It  is  proposed 
that,  owing  to  initial  inclination  of  the  sill, 
part  of  this  salic  fraction  migrated  up  dip, 
accumulated,  and  reacted  with  portions  of 
the  diabase  and  intermediate  rock,  and  com- 
pleted crystallization  at  the  level  now  exposed. 
Alternatively,  much  or  all  of  the  Endion  sill 
granophyre  may  represent  a  separate  intrusion 
unrelated  to  differentiation  of  the  earlier  dia- 
base. In  either  event  the  sill  is  composite. 
Bulk  compositions  of  cryptoperthites  indicate 
both  granophyre  and  intermediate  rock  crys- 
tallized at  magmatic  temperatures. 

Compositional  uniformity  of  the  clinopy- 
roxene  and  lack  of  iron  enrichment  in  felsic 
portions  of  the  Endion  sill  may  be  the  result 
of  accumulation  of  H20  and  the  presumed 
maintenance  of  nearly  constant  partial  oxy- 
gen pressure  during  crystallization.  This 
mechanism  would  furthermore  account  for 
inferred  late  magmatic  solid  solution  between 
alkali  feldspar  and  KFe3+Si308,  with  subse- 
quent subsolidus  exsolution  of  hematite. 

(1330)  Age  measurements  on  minerals  from  the 
Cutler  batholith,  Cutler,  Ontario.  G.  W. 
Wetherill,  G.  L.  Davis,  and  G.  R.  Til- 
ton.  /.  Geophys.  Research,  65,  2461— 
2466,  1960. 

Mineral  ages  have  been  measured  by  the 
K-Ar,  Rb-Sr,  U-Pb,  and  Th-Pb  methods  on 
samples  of  granite  and  pegmatite  from  the 
Cutler  batholith,  Ontario.  The  pegmatites 
cross-cut  the  granite  and  thus  are  clearly 
younger  than  the  granite.  However,  Rb-Sr 
ages  of  both  pegmatitic  muscovite  and  feld- 


spar agree  at  about  1750  m.y.,  whereas  Rb-Sr 
and  K-Ar  ages  of  the  granitic  biotites  agree 
at  about  1300  m.y.  Most  other  ages  are  inter- 
mediate. These  apparent  discrepancies  are 
interpreted  as  the  result  of  a  hypothetical 
event  that  took  place  1300  m.y.  ago,  400  m.y. 
after  the  original  crystallization  of  the  batho- 
lith. No  clear  petrographic  evidence  is  found 
for  such  an  event.  These  data  show  that  con- 
sistent results  by  a  single  method  on  different 
minerals,  or  by  several  methods  on  a  single 
mineral  species,  do  not  necessarily  indicate  the 
time  of  original  crystallization  of  a  granitic 
body. 

In  spite  of  these  complexities,  these  data 
show  that  the  Cutler  granite  was  formed  be- 
fore the  time  of  the  Grenville  metamorphism 
and  igneous  intrusion,  and  should  not  be 
considered  to  be  of  very  late  Precambrian  age. 

(1331)     Chemical  analyses  of  two  pantellerites. 
E.  G.  Zies.    /.  Petrol.,  1,  304-308,  1960. 

New  chemical  analyses  of  two  hyalopan- 
tellerites  described  by  Washington  are  pre- 
sented. One  is  a  clear  obsidian,  and  the  other 
a  porphyry.  Washington's  main  conclusion, 
that  the  samples  contain  a  molar  excess  of 
alkalies  over  R203,  was  confirmed.  No  evi- 
dence was  found,  however,  in  support  of  his 
suggestion  that  the  amount  of  cossyrite  found 
in  the  rock  is  correlated  with  the  excess  of 
alkali.  Perhaps  the  most  interesting  single 
result  of  the  new  work  concerns  the  amount 
of  the  constituent  reported  in  rock  analyses  as 
Cl.  The  obsidian  contained  0.37  per  cent,  and 
the  porphyry  0.76  per  cent;  both  values  are 
very  much  higher  than  are  usually  found  in 
fresh  rocks.  They  appear  in  the  CIPW  norm 
as  halite  (hi).  The  values  of  Ti02  reported 
in  these  new  analyses  are  significantly  lower 
than  those  found  by  Washington,  but  the 
amounts  involved  (about  0.5  per  cent  in  both 
sets  of  analyses)  are  too  small  to  be  of  serious 
influence  in  the  calculation  of  their  norms. 
The  analytical  procedure  by  which  the  values 
in  the  new  analyses  of  these  hyalopanteller- 
ites  was  obtained  is  outlined. 

[The  discrepancy  between  the  old  and  new 
values  for  Ti02  becomes  a  real  factor  in  calcu- 
lating the  norm  of  the  highly  titaniferous 
basalt  referred  to  elsewhere  in  this  report.] 
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(1332)  The  Fe-As-S  system:  Phase  relations 
and  applications.  L.  A.  Clark.  Econ. 
GeoL,  55,  1345-1381,  1631-1652,  1960. 

A  basis  for  the  interpretation  of  Fe-As-S 
mineral  assemblages  in  ores  has  been  provided 
through  systematic  collection  of  physical  and 
chemical  data  in  the  synthetic  system 
Fe-As-S.  Most  interesting  is  the  temperature 
limitation  of  491  °C  for  coexistence  of  the 
commonly  observed  mineral  pair  pyrite- 
arsenopyrite.  The  arsenic:  sulfur  ratio  in 
arsenopyrite  and/or  loellingite  may  add  an- 
other to  the  group  of  geothermometry  tech- 
niques now  available  for  ore  studies.  The 
observation  that  gold  diffuses  rapidly  through 
fine-grained  arsenopyrite  at  temperatures 
above  600  °C  and  confining  pressures  up  to 
2070  bars  provides  some  insight  into  the  rela- 
tions of  gold  and  arsenopyrite  in  many  ores. 

Equilibrium  phase  relations  in  the  Fe-As-S 
system  were  determined  at  600  °C,  and 
changes  in  assemblages  were  studied  in  the 
400°  to  800°C  temperature  range.  At  600°C 
a  very  narrow  liquid  field  lies  along  the 
arsenic-sulfur  side  of  the  ternary  system  be- 
tween 100  and  22.8  ±  0.2  weight  per  cent 
sulfur.  Tie  lines  connect  various  parts  of  this 
liquid  field  to  pyrite,  to  pyrrhotite,  and  to 
arsenopyrite.  At  this  temperature  there  are 
also  tie  lines  between  pyrrhotite-arsenopyrite, 
arsenopyrite-arsenic,  arsenopyrite-loellingite, 
pyrrhotite-loellingite,  pyrrhotite-FeAs,  and 
FeS-Fe2As. 

At  temperatures  above  600  °C  synthetic 
arsenopyrite  has  the  approximate  composition 
FeAs1>:1So.9.  Compositions  that  are  sulfur  rich 
relative  to  ideal  FeAsS  become  stable  at  lower 
temperatures  and  under  high  confining  pres- 
sures. Changes  in  the  phase  assemblages  at 
various  temperatures  are  governed  by  the  re- 
actions pyrite  +  arsenopyrite  <^  pyrrhotite  + 
liquid  or  vapor,  arsenopyrite  +  arsenic  +± 
loellingite  +  liquid  or  vapor,  and  arsenopy- 
rite &  pyrrhotite  '+  loellingite  +  liquid  or 
vapor.  The  invariant  temperatures  at  which 
both  liquid  and  vapor  are  present  in  these 
assemblages  are  491°  ±  12°C,  688°  ±  3°C, 
and  702°  ±  3°C,  respectively.  The  first  re- 
action was  investigated  at  confining  pres- 
sures up  to  2070  bars,  at  which  pressure  pyrite 
and  arsenopyrite  can  coexist  up  to  528°  ± 
10°C. 


(1333)  Volume  diffusion  as  a  mechanism  for 
discordant  lead  ages.  G.  R.  Tilton. 
/.  Geophys.  Research,  65,  2933-2945, 
1960. 

The  discordant  U-Pb  ages  of  sixteen  min- 
erals having  Pb207-Pb206  ages  of  2400  to  2700 
m.y.  closely  fit  a  2800  to  600  m.y.  chord  when 
placed  on  a  pD2oyu235-Pb206/U238  diagram. 
These  minerals  are  from  the  continents  of 
North  America,  Africa,  Europe,  Australia, 
and  Asia.  If  the  data  are  interpreted  as  evi- 
dence of  an  episode  of  loss  of  lead  600  m.y. 
ago  from  minerals  that  were  crystallized  2800 
m.y.  ago,  it  is  strange  that  the  same  time  of 
loss  is  indicated  for  all  four  continents.  More- 
over, most  of  the  samples  are  from  shield 
areas  where  no  evidence  has  been  found  for 
metamorphic  events  600  m.y.  ago. 

As  an  alternative  explanation,  lead  may  be 
considered  to  diffuse  continuously  from  crys- 
tals at  a  rate  governed  by  a  diffusion  coeffi- 
cient (£)),  the  effective  radius  (a),  and  the 
concentration  gradient.  Calculations  of  the 
present-day  Pb206/U238  and  Pb207/U235  ratios 
as  a  function  of  the  parameter  D/a2  yield 
ratios  that  lie  on  a  2800  to  600  m.y.  chord  on 
a  Pb206/U238-Pb207/U235  diagram  for  losses 
of  up  to  two-thirds  of  the  lead  produced  in 
the  sample. 

This  method  is  capable  of  explaining  the 
regularity  of  the  age  patterns  from  one  con- 
tinent to  another  and  does  away  with  the 
need  for  episodic  losses  of  lead  simultaneously 
in  all  the  areas  600  m.y.  ago.  Other  examples 
have  been  found  of  suites  of  minerals  with 
discordant  ages  which  fit  this  hypothesis; 
they  include  minerals  with  apparent  ages  of 
1900,  1700,  and  1100  m.y. 

The  behavior  of  uranium-lead  ages  in  sev- 
eral zircons  from  metamorphic  rocks  is  indica- 
tive of  an  activation  energy  for  diffusion  of 
lead  of  less  than  10  kcal/mole  over  a  tempera- 
ture range  of  50°  to  400°-600°C.  This  infer- 
ence, when  considered  with  available  data  for 
the  diffusion  of  argon  from  micas,  is  capable 
of  explaining  why  uranium-lead  ages  meas- 
ured from  zircon  may  be  either  greater  or  less 
than  the  potassium-argon  ages  of  coexisting 
mica. 

(1334)  A  second  find  of  euhedral  bornite  crys- 
tals on  barite.  G.  Kullerud,  G.  Donnay, 
and  J.  D.  H.  Donnay.  Am.  Mineralo- 
gist, 45,  1062-1068,  1960. 

Bornite  has  rarely  been  reported  in  euhe- 
dral crystals.    Kullerud  has  found  such  well 
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developed,  steel-blue  crystals  growing  on  bar- 
ite  at  the  Coppercorp  Limited  Mine  of  the 
Mamainse  Point  copper  area  in  Ontario, 
Canada.  This  locality  is  the  second  one  on 
record  for  the  mineral  association  described. 
The  general  geology  of  the  area  is  similar  to 
that  of  the  Upper  Michigan  copper  district. 
Bornite  crystallizes  in  cubes  whose  edges,  0.2 
to  1.5  mm  in  length,  are  replaced  by  "stair- 
cases" of  indentations  produced  by  alternating 
octahedral  faces.  They  prove  to  be  twinned 
edifices  of  two  kinds,  simulating  either  cubic 
symmetry  with  a  —  21.94  ±  0.06  A,  or  ortho- 
rhombic  symmetry  with  a  =  b  =  21.90  ± 
0.06  A  and  c  =  10.95  ±  0.03  A.  The  inter- 
pretation of  the  twins  is  consistent  with  the 
tetragonal  symmetry  of  the  bornite  single 
crystals,  discovered  by  Dr.  A.  Frueh,  Jr.  (pri- 
vate communication,  July  28,  1958),  and  con- 
firmed by  Morimoto  and  Kullerud  (Year 
Book  58,  pp.  201-203:_  a  =  b  =  10.95,  c  = 

21.90  A,  space  group  R\2xc). 

(1335)  1000-million-year-old  minerals  from  the 
eastern  United  States  and  Canada. 
G.  R.  Tilton,  G.  W.  Wetherill,  G.  L. 
Davis,  and  M.  N.  Bass.  /.  Geophys.  Re- 
search, 65,  4173-4179,  1960. 

Minerals  with  ages  of  about  1000  m.y.  have 
been  found  in  Ontario,  along  the  Appalachi- 
ans from  New  York  to  North  Carolina,  and 
also  beneath  the  sedimentary  covering  in 
Michigan,  Ohio,  and  West  Virginia.  Meas- 
urements have  been  made  on  muscovite,  bio- 
tite,  microcline,  uraninite,  and  zircon.  This 
occurrence  is  interpreted  as  indicating  the  ex- 
tent of  igneous  intrusion  and  metamorphism 
accompanying  a  major  orogeny  about  1000 
m.y.  ago. 

(1336)  On  correlation  between  variables  of 
constant  sum.  F.  Chayes.  /.  Geophys. 
Research,  65,  4185-4193,  1960. 

Composition  data  are  subject  to  the  condi- 
tion that  the  sum  of  the  parent  variables  in 
any  item  is  constant.  This  imposes  a  linear 
restraint  which  suppresses  positive  and  in- 
creases negative  covariance.  Neither  the  re- 
sulting "spurious"  correlation  itself  nor  the 
difficulty  it  creates  with  regard  to  the  inter- 
pretation of  composition  data  has  been  ade- 
quately described,  and  no  general  remedy  has 
yet  been  suggested.  This  note  describes  some 


of  the  more  important  effects  of  a  constant 
item-sum  on  correlation.  It  also  proposes  a 
test  against  the  alternative  of  "spurious"  corre- 
lation arising  from  interaction  between  varia- 
bles of  equal  variance,  and  a  modification  that 
may  prove  applicable  to  arrays  characterized 
by  inhomogeneous  variance. 

(1337)  Petrology  of  several  pegmatites  in  the 
Keystone  district,  Black  Hills,  South 
Dakota.  P.  M.  Orville.  Bull.  Geo!.  Soc. 
Am.,  71,  1467-1490,  1960. 

Three  pegmatites  in  the  vicinity  of  Key- 
stone, South  Dakota,  of  simple  mineralogy 
and  without  concentric  zoning  have  been 
studied  in  detail.  They  occur  within  Pre- 
cambrian  quartz-mica  schist  and  are  periph- 
eral to  the  Precambrian  Harney  Peak  granite. 
Two  are  concordant  to  schistosity  and  bed- 
ding of  the  country  rock,  and  the  third  is 
sharply  discordant.  These  pegmatites  are  of 
very  similar  average  modal  and  chemical  com- 
positions. Samples  of  the  Harney  Peak  granite 
from  two  localities  have  compositions  close 
to  those  of  the  pegmatites.  All  the  compo- 
sitions fall  near  the  quartz-feldspar  field 
boundary  in  the  "synthetic-granite"  system. 
The  average  composition  of  pegmatites  and 
granite  is  approximately  30  per  cent  quartz, 
44  per  cent  plagioclase,  17  per  cent  microcline, 
8  per  cent  muscovite,  and  less  than  1  per  cent 
tourmaline,  garnet,  and  apatite. 

Large  perthite  crystals  appear  to  have 
grown,  at  least  in  part,  by  pushing  aside  pre- 
viously crystallized  fine-grained  quartz  and 
plagioclase.  This  relationship  is  compatible 
with  experimental  findings,  which  indicate 
that  in  a  melt  of  this  composition  crystalliza- 
tion, whether  of  the  one-  or  two-feldspar  type, 
should  begin  with  quartz  and  a  Na-rich 
feldspar. 

At  one  locality  thin,  steeply  dipping  tabular 
pegmatites  are  sharply  separated  into  an 
upper  porphyritic  perthite-bearing  unit  and  a 
lower  fine-grained  albite-quartz  unit.  The 
upper,  perthite-bearing  unit  of  the  layered 
pegmatites  has  a  composition  near  that  of  the 
"granite  minimum"  in  the  "synthetic-granite" 
system  and  is  thought  to  represent  a  rest 
liquid  that  has  been  separated  from  the  phases 
that  crystallized  earlier. 

The  pegmatites  and  granite  are  believed  to 
have  been  intruded  as  magma  derived  from 
a  common  source. 
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(1338)  Chloritoid:  Its  composition,  X-ray  and 
optical  properties,  stability,  and  occur- 
rence. L.  B.  Halferdahl.  /.  Petrol,  2, 
49-135,  1961. 

The  nomenclature  of  the  chloritoid  group, 
which  includes  ottrelite,  is  reviewed.  Five  new 
chemical  analyses,  and  all  published  analyses 
that  are  considered  reliable,  indicate  that  the 
chloritoid  group  can  be  represented  by  the 
general  formula  H2FeAl2Si07  with  up  to 
two-fifths  of  the  ferrous  iron  replaced  by  mag- 
nesium, up  to  one-sixth  by  manganese,  and 
up  to  one-seventh  of  the  aluminum  replaced 
by  ferric  iron.  Chloritoid  crystallizes  in  both 
monoclinic  and  triclinic  polymorphs.  The 
triclinic  unit  cell  is  one-half  the  monoclinic 
unit  cell.  Both  polymorphs  are  widely  dis- 
tributed; they  may  be  distinguished  by  their 
X-ray  diffraction  powder  patterns.  In  most 
monoclinic  chloritoids  the  optic  plane  is  nor- 
mal to  (010),  whereas  in  most  triclinic  chlori- 
toids it  is  nearly  parallel  to  (010).  Replace- 
ment of  iron  by  magnesium  lowers  the 
indices  of  refraction. 

With  increasing  temperatures  chloritoid 
breaks  down  to  iron  cordierite  +  hercynite  + 
vapor  at  low  pressures  and  to  staurolite  +  al- 
mandine  +  hercynite  -f  vapor  at  high  pres- 
sures. Chloritoid  was  synthesized  only  at  pres- 
sures of  about  10,000  bars,  but  natural  chlori- 
toids were  stable  at  higher  pressures.  At  lower 
pressures  chloritoid  was  not  synthesized,  be- 
cause of  the  persistence  of  a  metastable 
chamosite  with  a  7  A  basal  spacing.  Natural 
chloritoids  did  not  decompose  below  about 
600  °C  at  these  lower  pressures.  Stress  as  de- 
fined by  Harker  is  not  necessary  for  the 
growth  of  chloritoid. 

Chloritoid-bearing  rocks  have  a  high  con- 
tent of  alumina  relative  to  potash,  soda,  lime, 
and  mafic  components,  and  have  more  ferrous 
oxide  than  magnesium  oxide.  In  pelitic  and 
lateritic  sediments  having  these  characteristics, 
chloritoid  is  one  of  the  first  new  minerals  to 
form  during  regional  or  contact  metamor- 
phism.  In  higher  metamorphic  grades  it  is  ac- 
companied by  cordierite,  andalusite,  kyanite, 
or  staurolite.  It  also  grows  in  hydrothermal 
veins.  Various  reactions  in  which  chloritoid 
is  produced  or  consumed  are  presented. 


(1339)  Sulfide  phase  equilibria.  G.  Kullerud. 
In  McGraw-Hill  Encyclopedia  of  Science 
and  Technology,  McGraw-Hill  Book 
Co.,  New  York,  1960. 

This  paper  discusses  some  of  the  geologi- 
cally important  sulfide  systems  that  have  been 
studied  systematically  during  the  last  several 
years.  The  commonly  used  experimental  tech- 
niques involving  rigid  and  collapsible  tubes 
are  described  briefly.  Data  are  also  given  on 
reaction  rates  in  some  systems  at  various 
temperatures. 

(1340)  Annual  report  of  the  Director  for  1959- 
1960. 

(1341)  Welded  tuffs  and  flows  in  the  rhyolite 
plateau  of  Yellowstone  Park,  Wyoming. 
F.  R.  Boyd.  Bull.  Geol.  Soc.  Am.,  72, 
387-426,  1961. 

The  rhyolite  plateau  in  Yellowstone  Park  is 
made  up  of  flows  and  welded  tuff  with  sub- 
sidiary rhyolite  domes,  basalt,  and  rhyolite- 
basalt  mix-lava.  The  two  most  important 
units  are  the  Yellowstone  tuff,  exposed  over 
600  square  miles  within  the  Park,  and  a  group 
of  younger  flows,  the  Plateau  flows,  which 
cover  1000  square  miles  in  the  Madison,  Cen- 
tral, and  Pitchstone  plateaus. 

The  Plateau  flows  occupy  a  tectonic  basin 
rimmed  by  Yellowstone  tuff  and  older  rocks 
in  central  and  southwestern  Yellowstone  Park. 
Individual  flows  range  up  to  1000  feet  in 
thickness  and  cover  areas  up  to  at  least  100 
square  miles.  Surficial  features,  including 
vent  domes,  are  locally  well  preserved.  Ex- 
posed parts  of  these  flows  are,  for  the  most 
part,  banded  obsidian  and  perlite  and  breccias 
formed  by  incorporation  of  fragments  of  pu- 
miceous  crust  in  the  moving  flows. 

The  Yellowstone  tuff  is  welded  to  obsidian 
at  its  base  and  grades  upward  through  in- 
durated, lithoidal  rhyolite  to  loose  ash  at  the 
top  of  an  uneroded  section.  Probably  all  the 
Yellowstone  tuff  was  erupted  in  a  single  rapid 
series  of  eruptions  from  dispersed  vents. 

Textural  and  structural  evidence  suggests 
that  the  Yellowstone  tuff  was  emplaced  as 
pyroclastic  flows.  A  thermodynamic  analysis 
of  this  type  of  eruption  is  given.  Energy 
changes  within  the  conduit  and  during  em- 
placement are  evaluated.  The  minimum  tem- 
perature at  which  rhyolite  glass  will  weld, 
determined  experimentally,  is  approximately 
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600 °C.  The  data  of  Tuttle  and  Bowen  are 
used  to  fix  the  range  of  initial  magma  tem- 
perature. Welding  in  the  Yellowstone  tufJ 
can  be  explained  if  the  tuff  was  emplaced  as 
pyroclastic  flows  and  if  the  magma  contained 
less  than  about  4  per  cent  H20  at  the  start 
of  the  eruption. 

(1342)  "Assemblage  liaisons"  et  structure  cris- 
talline.  J.  D.  H.  Donnay  and  G.  Don- 
nay.    Compt.  rend.,  252,  908-909,  1961. 

A  second  generalization  of  the  law  of 
Bravais  is  presented.  Fortuitous  extinctions 
(either  structural  extinctions  or  space-group 
special  extinctions),  superimposed  on  the 
space-group  general  extinctions,  must  be 
taken  into  account  in  the  morphological  analy- 
sis of  crystalline  species.  Such  additional  ex- 
tinctions, in  the  case  of  faces  normal  to  a 
plane  of  symmetry,  for  instance,  may  reveal, 
in  the  projection  onto  the  symmetry  plane, 
the  existence  of  a  submultiple  mesh,  which  is 
a  pseudo-mesh  of  the  projected  structure  but 
a  true  mesh  of  the  projected  bond  assemblage. 
The  zone  of  the  (01(1)  faces  in  columbite, 
FeNb206,  provides  an  example. 

(1343)  Proprietes  optiques  de  la  serie  bast- 
naesite-vaterite.  J.  D.  H.  Donnay  and 
G.  Donnay.  Bull.  soc.  franc,  mineral, 
et  crist.,  84,  25-29,  1961. 

Because  a  layer  crystal  structure  may  be 
considered  a  mixed  body  in  Wiener's  sense, 
the  optical  properties  of  the  series  B,  B2V, 
B3V2,  BV,  V,  where  B  =  CeFCOs  and  V  = 
|i-CaC03,  can  be  predicted  by  means  of  the 
Wiener  formulas.  In  order  to  obtain  linear 
curves,  the  square  of  the  index  of  refraction 
(n02)  or  its  reciprocal  (l/ne2)  is  calculated  in 
terms  of  the  indices  of  bastnaesite  (B)  and 
vaterite  (V),  and  plotted  against  the  volume 
fraction  of  V.  The  experimental  values  of 
n2  and  \/n2  for  each  of  nine  natural  compo- 
sitions, taken  from  the  literature,  are  plotted 
on  the  two  curves  and  are  found  to  line  up 
on  a  vertical  line  whose  abscissa  gives  the 
chemical  composition.  This  fact  confirms  the 
result  previously  reported  by  Semenov  and 
by  McConnell  that  vaterite  is  the  end  member 
of  the  series.  Semenov's  mineral  X  could  have 
the  formula  2CeFC03-3CaC03.  Nefedov's 
"yttroparisite"  might  be  a  variety  of  mineral 
X;  it  is  shown,  however,  that  its  high  refrac- 


tive indices  cannot  be  accounted  for  by  the 
substitution  of  yttrium  for  cerium. 

(1344)  Uber  den  morphologischen  Aspekt  von 
Newberyit.  J.  D.  H.  Donnay,  G.  Don- 
nay, and  W.  Kleber.  Neues  ]ahrb. 
Mineral,  Monatsh.,  97-101,  1961. 

The  analysis  of  the  crystal  forms  of  new- 
beryite  with  respect  to  their  relative  frequen- 
cies of  occurrence  leads  to  the  morphological 
aspect  Pbc*,  in  the  orientation  a:b:c  = 
0.9548:1:0.9360.  The  structural  space  group 
is  known  to  be  Pbca.  Such  symmetry  dis- 
crepancies have  structural  significance.  The 
term  heteromorphism  is  suggested  to  desig- 
nate any  discrepancy  between  morphological 
and  structural  symmetry;  it  would  thus  cover 
both  hypermorphism  and  hypomorphism 
(terms  previously  proposed  by  Kleber). 

(1345)  Heat  flow  from  a  differentiated  earth. 
S.  P.  Clark,  Jr.  /.  Geophys.  Research, 
66,  1231-1234,  1961. 

Calculations  are  made  of  the  heat  flow  from 
an  initially  cold  earth  with  radioactivity  dis- 
tributed uniformly  through  a  surface  shell, 
with  account  taken  of  radioactive  decay.  It  is 
found  that  the  heat  flow  exceeds  the  heat  pro- 
duced by  about  10  per  cent  if  the  abundances 
of  radioactive  elements  are  the  same  as  in 
chondrites  and  the  radioactive  shell  is  less 
than  about  300  km  thick.  The  heat  flow  cal- 
culated in  this  way  exceeds  the  observed  value, 
but  neither  figure  is  considered  known  accu- 
rately enough  to  warrant  rejection  of  the 
chondrite  model  of  the  earth. 

(1346)  fibauche  d'une  structure  cristalline  par 
analyse  morphologique.  J.  D.  H.  Don- 
nay and  G.  Donnay.  Compt.  rend.,  252, 
1982-1983,  1961. 

The  salient  features  of  the  crystal  structure 
of  columbite,  (Fe,Mn)(Nb,Ta)2Oe,  can  be 
established  by  confronting  the  structural  space 
group  Pcan  obtained  by  X  rays  (Sturdivant) 
with  the  morphological  observations  made  on 
crystals  of  the  solid-solution  series  concerning 
the  relative  frequencies  of  occurrence  of  the 
various  crystal  forms.  Thus,  by  applying  the 
second  generalization  of  the  law  of  Bravais, 
nine  out  of  the  thirteen  parameters  can  be 
determined;  their  numerical  values  are  in 
essential  agreement  with  those  in  the  crystal 
structure  found  by  Sturdivant. 
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(1347)  Extra-terrestrial  life.  P.  H.  Abelson. 
Proc.  Natl.  Acad.  Sci.  U.  S.,  47,  575-581. 
1961. 

Some  crucial  requirements  of  living  matter 
are  reviewed.  Examination  of  the  known 
facts  concerning  the  lunar  and  planetary  en- 
vironments reveals  that  life  as  we  know  it 
cannot  exist  elsewhere  in  our  solar  system. 

(1348)  Equilibria  in  sulfur-containing  aqueous 
solutions,  in  the  system  Fe-S-O,  and 
their  correlation  during  ore  deposition. 
H.  L.  Barnes  and  G.  Kullerud.  Econ. 
Geo].,  56,  648-688,  1961. 


The  thermodynamic  relations  between  par- 
tial pressures  and  molecular  or  ionic  activities 
of  aqueous  solutions  containing  sulfur  are 
presented  graphically  as  functions  of  the  five 
variables  T,  P,  pH,  P0,p  and  (2S)  (the  total 
activity  of  aqueous  sulfur  species).  These 
diagrams  provide  a  quantitative  basis  for 
correlation  of  the  composition  of  aqueous 
solutions  to  the  fields  of  stability  of  minerals 
up  to  250 °C.  The  correlation  is  based  on  the 
principle  that,  at  equilibrium,  partial  pres- 
sures fixed  at  any  one  temperature  by  a  uni- 
variant  assemblage  of  minerals  in  an  anhy- 
drous system  are  not  affected  by  the  addition 
of  H20  if  the  assemblage  is  unchanged. 

The  application  of  this  principle  to  the 
anhydrous  Fe-S-O  system  demonstrates  that 
up  to  250  °C  the  common  assemblage  pyrite, 
pyrrhotite,  and  magnetite  may  be  deposited 
at  equilibrium  only  by  alkaline  ore  solutions. 
This  assemblage  has  been  deposited  in  nature 
and  is  stable  in  the  dry  system  over  a  tem- 
perature range  from  675°  to  below  250 °C. 

The  association  of  sphalerite  with  pyrrho- 
tite, pyrite,  digenite,  covellite,  and  barite,  but 
not  with  free  sulfur,  limits  thermodynamically 
the  aqueous  conditions  during  deposition.  At 
250 °C  this  ore  solution  must  be  neutral  to 
weakly  alkaline  with  HS"  as  the  predominant 
sulfur-containing  aqueous  ion;  PSo  is  usually 
between  10~8-5  and  10"14-7  atm  and  P0  be- 
tween  10-36  and  10~5°  atm.  Therefore,  the 
solubility  of  sphalerite  must  be  sufficient  to 
account  for  the  transport  required  for  ore 
formation  at  250 °C  under  the  conditions 
where  pH  =  7.5,  P(X>  =  10~4°,  and  (SS)  = 
1.0  m. 


(1349)  Carbon  isotope  fractionation  in  forma- 
tion of  amino  acids  by  photosynthetic 
organisms.  P.  H.  Abelson  and  T.  C. 
Hoering.  Proc.  Natl.  Acad.  Sci.  U.  S., 
47,  623-632,  1961. 

The  fractionation  of  the  stable  isotopes  of 
carbon  has  been  studied  in  a  variety  of  photo- 
synthetic  and  nonphotosynthetic  organisms, 
including  some  grown  in  the  laboratory  under 
controlled  conditions  and  some  that  had 
grown  in  a  natural  environment.  The  major 
effort  was  devoted  to  a  study  of  photosyn- 
thetic microorganisms  grown  on  a  completely 
inorganic  medium,  the  sole  source  of  carbon 
being  the  carbon  dioxide  fed  to  the  system. 
A  typical  experiment  consisted  of  (1)  cultur- 
ing  the  organisms,  (2)  extracting  the  lipides, 
(3)  hydrolyzing  the  proteins,  (4)  separating 
the  pure  amino  acids  by  ion-exchange  chroma- 
tography, (5)  decarboxylating  the  amino  acids 
with  ninhydrin,  (6)  combusting  the  organic 
fractions  isolated  to  C02,  and  (7)  performing 
an  isotopic  analysis  on  the  C02.  Substantial 
differences  in  the  isotopic  content  of  the  vari- 
ous fractions  have  been  noted. 

The  carbon  in  these  systems  is  depleted  in 
C13  relative  to  the  input  C02  with  the  excep- 
tion of  the  carboxyl  groups  of  certain  amino 
acids  including  glutamic  and  aspartic.  These 
carboxyl  groups  have  an  isotopic  composition 
similar  to  that  of  the  input  C02.  The  carbon 
in  most  amino  acids  has  an  isotopic  composi- 
tion similar  to  that  of  the  carbohydrate  frac- 
tion. The  depletion  in  C13  in  these  fractions 
relative  to  input  C02  is  caused  during  the 
condensation  of  C02  with  ribulose  diphos- 
phate during  photosynythesis.  The  lipide  frac- 
tion is  even  more  depleted  in  C13  than  the 
carbohydrate  fraction  and  is  indicative  of  a 
specific  physicochemical  step  crucially  located 
at  the  point  where  a  flow  of  carbon  splits  into 
two  or  more  fractions.  Cultures  of  Chlorella 
pyrenoidosa  and  Escherichia  coli  grown  with 
glucose  as  their  sole  carbon  source  show  little 
isotope  fractionation,  with  the  exception  of 
the  lipide  fraction,  which  is  depleted  in  C13 
relative  to  the  input  glucose. 

(1350)  On  the  problems  of  mineralogy.  V.  M. 
Goldschmidt;  translated  by  G.  Kullerud. 
/.  Wash.  Acad.  Sci.,  51,  69-76,  1961. 
[English  translation  of  the  address 
which  appeared  in  Norwegian  in 
Naturen,  38,  321-334,  1914.] 

In  this  paper,  presented  in  Norwegian  in 
September  1914,  V.  M.  Goldschmidt  discusses 
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the  status  of  the  mineralogical  science.  He 
describes  the  historical  evolution  of  miner- 
alogy in  relation  to  the  other  natural  sciences 
and  stresses  the  importance  of  application  of 
thermodynamics  to  mineral  assemblages. 

(1351)  Recent  geochemical  research  at  high 
pressures.  S.  P.  Clark,  Jr.  In  Progress 
in  Very  High  Pressure  Research,  edited 
by  Bundy,  Hibbard,  and  Strong,  John 
Wiley  &  Sons,  New  York,  pp.  173-180, 
1961. 


This  paper  reviews  some  of  the  recent  ex- 
perimental work  at  pressures  in  excess  of 
10  kb.  Subjects  covered  are  seismic  data  and 
their  interpretation  in  terms  of  laboratory 
measurements  of  velocity  and  compressibility 
of  rocks,  high-pressure  apparatus  that  has 
been  used  in  geochemical  studies,  amplitudes 
of  vertical  movement  in  geologic  time  as  de- 
duced from  occurrences  of  kyanite  and  jade- 
ite,  constitution  of  the  crust  and  outer  mantle, 
the  olivine-spinel  transition,  and  the  melting 
of  silicates  under  pressure. 
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The  cooperative  local  earthquake  network  in  Peru,  Bolivia,  and  Chile,  based  on  the  survey  and 
the  scientific  contacts  made  during  the  Carnegie-IGY  Andes  expedition  of  1957,  utilizes  many  tem- 
porary installations  that  operate  for  a  few  weeks  as  well  as  the  basic  network  of  about  16  stations. 
The  photograph  shows  a  temporary  installation  in  a  sheepherder's  stone  hut  in  the  foothills  of  the 
Andes   (10,000  feet)    near  Arequipa,  Peru. 


INTRODUCTION 


One  of  the  great  and  lasting  satisfactions 
of  a  scientific  career  lies  in  the  range  and 
depth  of  the  human  contacts  brought  about 
by  the  scientific  problem  at  hand.  The 
relationship  between  men  who  face  ques- 
tions and  difficulties  together  while  intent 
upon  the  complexities  of  a  technical  prob- 
lem of  mutual  concern,  a  problem  basic 
to  some  broad  scientific  question  that  is  a 
challenge  to  them  both,  creates  a  bond  of 
warm  mutual  dependence  and  respect  not 
often  duplicated  in  other  areas  of  activity. 
The  added  facts  that  research  investigators 
in  university  circles  are  relatively  few  in 
number  in  each  country,  by  comparison 
with  business  or  industrial  specialists,  and 
that  academic  contacts  are  world  wide  in 
each  specialty,  serve  to  make  possible  an 
easy  approach  and  quick  rapport  when 
men  from  widely  different  national  back- 
grounds join  each  other  to  work  on  a  spe- 
cific scientific  problem. 

This  Department  has  had  a  long  history 
of  international  activities  and  experience, 
because  geophysics  requires  world  collabo- 
ration, but  the  transfer  of  our  magnetic  and 
ionosphere  survey  and  observing  activities 
to  governmental  agencies  in  the  late  1940's 
reduced  the  scope  and  frequency  of  our 
working  contacts  with  foreign  colleagues. 
Fresh  moves  toward  foreign  activities  were 
begun  in  1955  and  1956,  with  a  major  event 
in  1957,  namely,  the  Carnegie-IGY  Seismic 
Expedition  to  the  Andes.  The  scientific 
problems  examined  by  that  expedition  (re- 
lating to  the  deeply  buried  density  distri- 
bution which  holds  aloft  the  Andes  and  the 
stupendous  bulk  of  the  Altiplano),  and 
the  personal  contacts  with  local  scientific 
groups  in  geophysics  and  in  astronomy  in 
the  several  countries  where  we  then 
worked,  have  jointly  formed  the  base  for 
developing  two  new  cooperative  programs 
in  Latin  America.  One  program  is  con- 
cerned with  the  tectonics  of  the  Andes 
region  and  involves  an  extensive  network 
of  stations  in  Peru,  Bolivia,  and  northern 


Chile  for  observing  local  earthquakes.  The 
other  is  a  program  in  radio  astronomy  in- 
volving Argentina,  Uruguay,  Brazil,  and 
southern  Chile,  which  is  culminating  next 
year  in  the  creation  of  a  Carnegie  Station, 
with  a  large  parabolic  antenna  and  other 
special  equipment,  near  the  La  Plata  Ob- 
servatory in  Argentina.  This  station  will 
be  used  by  our  staff  and  by  all  the  inter- 
ested specialists  in  the  several  countries 
mentioned. 

Perhaps  the  two  features  of  most  im- 
portance in  these  cooperative  arrangements 
have  little  or  nothing  to  do  with  the  actual 
technical  content  of  the  research  work  car- 
ried out.  One  feature  of  renewed  signifi- 
cance, now  that  the  United  States  govern- 
ment is  pressing  hard  to  expand  our 
relationships  in  Latin  America,  is  that  our 
activities  there  conspicuously  emphasize  the 
importance  of  direct  colleague-to-colleague 
collaboration,  as  distinguished  from  insti- 
tutional or  governmental  relationships. 
The  warm  human  response,  and  the 
"workableness"  of  direct  relationships  be- 
tween scientific  colleagues,  presents  by  con- 
trast a  very  noticeable  object  lesson.  The 
second  aspect  of  importance  relates  to  the 
"spirit"  that  motivates  the  Carnegie  staff 
in  their  enthusiastic  search  for  basic  knowl- 
edge. We  have  no  monopoly  in  the  Insti- 
tution of  the  "true  spirit  of  research,"  but 
we  do  know  what  it  means,  and  we  do 
our  best  to  live  up  to  this  ideal,  responsi- 
bly accepting  the  freedom  and  oppor- 
tunity afforded  us  by  the  Institution.  This 
spirit  has  been  dimmed  and  altered  in 
many  centers  of  "scientific  research  and  de- 
velopment" in  the  United  States  during  the 
past  two  decades,  partly  for  reasons  of  de- 
fense and  industrial  competition  and  partly 
because  men  with  very  different  motiva- 
tions now  participate  in  the  techniques  of 
research.  In  many  less  developed  coun- 
tries, especially  in  their  struggling  uni- 
versity groups,  the  older  spirit  of  the  de- 
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voted  student  of  fundamental  science  is  still 
found,  and  it  serves  to  encourage  and  re- 
fresh their  efforts  when  they  find  that  the 
Carnegie  Institution  still  preserves  and 
treasures  this  motivation.  Some  of  our 
techniques  of  research  are  also  of  interest 
and  value  to  them,  especially  as  they  see 
how  even  the  senior  Carnegie  man  digs 
into  the  actual  work  of  research  with  his 
own  hands,  insisting  on  a  direct  personal 
contact  with  the  instruments  and  materials 
of  his  subject,  to  discipline  and  to  stimulate 
his  thinking  and  his  interpretation  of  the 
scientific  data. 


Further  description  of  the  actual  opera- 
tions carried  forward  by  the  Department 
in  Latin  America  will  be  found  in  the 
appropriate  report  sections  below. 

The  Department  is  also  involved,  as 
usual,  in  international  activities  on  a  col- 
league-to-colleague basis  in  other  areas. 
Two-way  exchanges  with  Japan,  New 
Zealand,  Australia,  South  Africa,  and  sev- 
eral European  countries,  as  well  as  Latin 
America,  have  served  to  intensify  our  re- 
search activities  in  several  areas  of  geo- 
physics and  biophysics  during  the  past 
three  years. 


EXPERIMENTAL  GEOPHYSICS 


kinds  of  objects  emit  these  radio  waves. 
Our  sun  would  not  be  detectable  by  radio 
waves  if  it  were  even  moderately  distant. 
Thus,  on  an  astronomical  scale,  "optical 
identification"  of  the  radio  emitters  with 
other  celestial  (optical)  objects  is  vital  to 
our  further  understanding.  The  view  is 
strongly  championed  by  a  few  workers 
that  most  of  the  conspicuous  sources  of 


RADIO   ASTRONOMY 

B.  F.  Bur\e,  J.  W.  Fir  or,  and  M.  A.  Tuve 

Radio  astronomy  is  not  a  field  in  which 
great  strides  of  progress  are  readily  made 
by  isolated  individual  workers.  Large 
parabolic  reflectors,  great  arrays  of  multiple 
antennas,  and  complex  receiving  apparatus 
of  the  most  detailed  and  modern  refine- 
ment are  required  to  observe  the  faint  sig-  small  angular  diameter  are  great  galaxies 
nals  from  distant  huge  clouds  of  hot  and  so  remote  from  us  that  they  cannot  be 
turbulent  gases,  and  from  still  more  re-  photographed  even  by  the  200-inch  tele- 
mote  outer  galaxies.  Nevertheless,  our  scope.  The  source  3C295,  identified  by 
small  group  of  deeply  interested  staff  and  Smith,  Bolton,  Minkowski,  and  Baum  a 
technical  men  has  managed  to  be  vigorous  year  ago  as  a  galaxy  5  billion  light  years 
participants  in  the  very  small  world  group  distant,  is  an  example.  However,  the  source 
(at  only  half  a  dozen  or  fewer  places)  3C48  appears  to  be  a  star  of  about  16th 
which  is  actively  observing  the  radiations  magnitude,  and  this  makes  the  distances  of 
of  most  basic  interest,  without  deflection  to  all  unidentified  sources  quite  indetermi- 
the  radar  or  rocket  or  satellite  studies  nate.  Our  precise  position  array  ("PPA") 
which  currently  receive  so  much  support  has  been  remeasuring  (to  about  x/2  minute 
and  absorb  so  many  competent  (but  per-  0f  arc)  the  positions  of  many  sources,  in- 
haps  less  zealous)  workers.  eluding  the  two  mentioned,  as  a  further 

Although  interesting  problems  of  great  small  contribution  to  this  question,  and 
detail  are  presented  by  the  stronger  radio  revisions  of  our  PPA  antenna  are  now 
outbursts  from  the  sun,  and  these  may  being  started,  to  give  greater  signal-to- 
help  us  later  to  understand  the  ways  in  noise  ratio  for  these  position  measurements, 
which  such  long  waves  (compared  with  Similarly  we  are  studying  the  huge  and 
atomic  dimensions)  are  radiated  by  celes-  complex  pattern  of  spiraling  and  expand- 
tial  objects,  several  basic  questions  are  ing  hydrogen  clouds  that  surround  and  en- 
raised  by  the  fainter  signals  from  very  close  the  stars  of  our  own  galaxy.  Our 
distant  objects.  Central  to  all  discussion  are  multichannel  receiver  is  now  installed  in 
the   recognition   and    the   proof  of   what  a  trailer,  to  be  readily  usable  at  the  Na- 
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tional     Radio     Astronomy     Observatory,  to  Brazil  of  two  DTM  sweep-frequency 

Green  Bank,  West  Virginia,  or  elsewhere,  sets  for  observing  solar  activity,  based  on 

and  a  duplicate  receiver  has  been  largely  the  design   developed  here  last  year  by 

completed  for  use  on  the  southern  sky,  J.  Riihimaa  of  Finland,  then  a  Carnegie  In- 

at  the  Carnegie  Station  now  planned  near  stitution  Fellow.    (A  set  was  also  sent  to 

La  Plata  Observatory  in  Argentina.  him  for  use  in  Finland.)    These  sets,  to 

One  of  the  most  direct  ways  to  enhance  be  used  in  Rio  and  Sao  Paulo,  will  give 

the  effectiveness  of  a  small  scientific  group  added  strength  to  the  cooperative  ties  be- 

is  to  develop  a  band  of  enthusiastic  col-  tween  individuals  in  the  several  adjacent 

laborators  and  associates.   A  move  in  this  countries  there  who  will  participate  with  us 

direction  was  made  nearly  two  years  ago  later  in  observations  at  our  La  Plata  station, 

by  a  special  Carnegie  grant  for  constructing  Final  official  arrangements  for  the  station 

a  duplicate  of  our  DTM  multichannel  hy-  are  to  be  made  this  autumn,  with  ship- 

drogen-line  receiver  specifically  for  use  in  ment  of  parts  and  equipment  planned  for 

South  America.  Since  our  initial  visits  to  early  1962. 

potential  collaborators  in  several  countries  Solar  Studies 
in  1957,  a  group  of  DTM  associates  has 

been  developed,  partly  by  sending  them  Type  IV  bursts.  The  sudden  increases 
components  and  instruments  for  solar  ob-  observed  in  the  intensity  of  radio  radiation 
servations  using  antenna  arrays  1  km  long,  from  the  sun  can  be  classified  into  a  very 
A  special  grant  (G-13396)  was  made  by  few  types  according  to  the  spectrum  of  the 
the  National  Science  Foundation  a  year  emission.  One  type  of  particular  interest 
ago  to  help  us  train  people  there  and  to  has  a  broad  spectrum,  covering  hundreds 
install  this  receiver  in  South  America,  of  megacycles,  which  changes  only  slowly 
and  also  to  move  our  old  parabolic  reflector  with  time  and  has  a  duration  of  a  half 
or  build  a  suitable  new  one  there.  This  hour  or  so.  This  kind  of  solar  burst,  called 
project  has  made  great  strides  during  the  type  IV,  was  first  described  by  Boischot, 
year,  with  nine  professional  and  technical  who  studied  the  locations  of  the  sources  of 
men  from  Argentina,  Uruguay,  Brazil,  these  bursts  at  a  frequency  of  169  Mc/s. 
and  Chile  spending  one  to  three  months  He  found  that  the  type  IV  sources  moved 
each  at  the  Department  of  Terrestrial  rapidly  and  could  attain  a  height  in  the 
Magnetism  actually  constructing  parts  of  solar  atmosphere  of  as  much  as  a  million 
the  set  for  our  La  Plata  station  and  operat-  kilometers  above  the  photosphere, 
ing  the  existing  equipment  here  using  the  On  the  records  obtained  with  our  solar 
60-foot  parabola.  After  a  thorough  study  of  arrays  at  340  and  87  Mc/s  are  many  bursts, 
possible  alternatives,  the  decision  was  made  and  with  the  help  of  published  spectral  in- 
to erect  a  new  30-meter  parabolic  reflector  formation  some  of  them  can  safely  be 
near  La  Plata,  based  on  designs  made  for  labeled  as  type  IV.  A  study  was  made  of 
us  by  Stanford  Research  Institute.  Limited  this  group  of  type  IV  bursts  in  cooperation 
sky  coverage  is  called  for,  in  particular  to  with  M.  R.  Kundu  of  the  University  of 
examine  the  Magellanic  Clouds  and  the  Michigan.  The  study  revealed  that,  al- 
galactic  center,  and  a  few  other  special  sky  though  type  IV  bursts  were  clearly  seen  at 
regions.  The  spirit  shown  in  these  col-  both  our  observing  frequencies,  the  char- 
laborative  efforts  is  most  rewarding  to  us.  acteristics  of  the  bursts  differ  greatly  at 

Another  aspect  of  this  general  program  the  two  frequencies.  The  87-Mc/s  bursts 
of  developing  close  working  relationships  conform  closely  to  Boischot's  description; 
with  our  Latin  American  friends  on  a  that  is,  the  sources  move  outward  from  the 
direct  colleague-to-colleague  basis  (as  dis-  sun  and  attain  heights  of  millions  of  kilo- 
tinguished  from  institutional  or  govern-  meters.  At  the  higher  frequency,  how- 
mental  exchanges)  has  been  the  transfer  ever,  the  source  remains  close  to  the  associ- 
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a  ted  optical  region — no  motion  could  be 
detected  during  the  lifetime  of  the  burst. 
The  type  IV  burst  must  therefore  be  re- 
garded as  a  more  complicated  event  than 
was  previously  thought,  containing  at  least 
two  distinct  parts.     (/.  W.  F.) 

Excitation  of  Fe  XIII  in  the  corona.  The 
attempt  to  study  density  variations  in  the 
corona  by  means  of  the  variation  in  the 
ratio  of  intensity  of  the  two  infrared  emis- 
sion lines  of  Fe  XIII  was  continued  in  co- 
operation with  the  High  Altitude  Observa- 
tory. It  became  clear  that  our  original 
image-tube  equipment  could  be  used  to 
photograph  the  Fe  XIII  lines,  but  that  the 
unevenness  of  the  cathode,  the  existence  of 
an  ion  spot,  and  the  poor  resolution  made 
the  scatter  in  the  observed  intensity  ratios 
too  great  for  use  in  the  intended  manner. 
Arrangements  were  therefore  made  to  ob- 
tain a  few  magnetically  focused  tubes  with 
S-l  cathodes.  These  tubes  would  have 
large  (40-mm),  flat  fields  of  good  resolu- 
tion and,  it  was  hoped,  high  gain  and  uni- 
form cathode  sensitivity. 

The  new  tubes,  delivered  early  in  1961, 
have  been  tested  on  the  optical  bench  and 
with  the  DTM  spectrograph  on  the  Mor- 
gan telescope  at  Lowell  Observatory.  The 
tests  indicate  that  the  tubes  are  indeed  a 
considerable  improvement  over  the  earlier 
ones,  and  at  the  end  of  the  report  year  the 
necessary  optics  for  mounting  them  on  the 
Climax  coronograph  are  being  assembled. 

On  the  theoretical  side,  more  detailed 
calculations  have  been  made  of  the  effect  to 
be  expected  in  the  Fe  XIII  line  intensity 
ratios.  The  processes  that  must  be  con- 
sidered are  collisional  excitation  and  de- 
excitation  by  electrons,  photoexcitation  and 
de-excitation  by  sunlight,  and  spontaneous 
emission.  The  atomic  constants  needed  to 
complete  a  calculation  of  excitation  equi- 
librium for  Fe  XIII  are  all  known  with  the 
serious  exception  of  the  electron  collisional 
excitation  cross  sections.  For  Fe  XIV  the 
cross  section  has  been  calculated,  as  well  as 
for  some  light  ions  with  electronic  structure 
similar  to  Fe  XIII.  From  these  two  sources 


three  different  sets  of  cross  sections  for 
Fe  XIII  were  estimated,  and  the  equi- 
librium calculation  was  performed  for  all 
three  sets  and  for  several  electron  densi- 
ties. The  results  indicate  that  the  line 
intensity  ratios  for  the  infrared  lines  vary 
with  electron  density  over  about  a  2-to-l 
range  for  all  the  possible  cross  sections  but 
that  the  value  of  the  ratio  depends  on  the 
particular  set  of  cross  sections  chosen.  All 
the  measurements  made  so  far  give  a  ratio 
7xio798//\io747  of  about  l/2,  the  average  of 
the  measurements  made  on  the  two  best 
films  being  0.52.  Assuming  that  this  value 
pertains  to  the  low  density  limit,  the  proper 
set  of  cross  sections  is  that  taken  from  the 
calculations  for  the  ion  Ne  V.     (/.  W.  F.) 

Radio  Source  Positions 

For  the  past  year  it  has  been  clear  that 
improvement  in  our  receiver  noise  figure 
was  essential  if  we  were  to  measure  good 
positions  for  more  than  just  a  few  radio 
sources.  Parametric  amplifiers,  although 
initially  promising,  have  not  yet  proved 
useful  for  us.  The  receiver  we  finally 
adopted  employs  a  conventional  crystal 
mixer  with  a  relatively  low  intermediate 
frequency.  The  intermediate-frequency 
amplifier  accepts  a  band  2  Mc/s  wide  cen- 
tered on  3  Mc/s,  and  both  upper  and  lower 
side  bands  are  utilized.  The  receiver  thus 
receives  noise  in  the  bands  401-403  and 
407-409  Mc/s;  both  reception  bands  appear 
to  be  relatively  free  of  interference.  The 
intermediate-frequency  preamplifier  was 
carefully  made  to  have  as  low  a  noise 
figure  as  possible,  and  modern  low-noise 
crystals  were  used  in  the  mixer.  The  excess 
noise  temperature  in  normal  operation  is 
between  300°  and  400  °K,  as  measured  with 
a  noise  diode,  which  was,  in  turn,  cali- 
brated against  a  carefully  constructed  ther- 
mal load. 

About  one-fourth  of  the  sky  available  to 
our  antenna  has  been  surveyed,  with  this 
receiver  placed  at  the  center  of  one  of  the 
V  antennas.  At  least  five  records  are  taken 
at  each  declination  setting  of  the  antenna, 
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and  the  right  ascensions  are  measured  on 
all  the  five  or  more  records.  The  final  re- 
sult is  the  average  of  these  separate  de- 
terminations weighted  according  to  the 
quality  of  the  original  records.  From  the 
strong  well  known  sources,  Cygnus  A, 
Taurus  A,  Virgo  A,  and  Cassiopeia  A,  a 
correction  curve  was  derived  to  allow  for  a 
possible  collimation  error  in  the  antenna. 
This  correction  is  about  1  minute  of  arc. 
Table  1  gives  the  right  ascensions  we 
have  determined,  together  with  right  ascen- 
sions  from   the   Cambridge   catalog   and 


which  will  act  differently  in  the  three 
surveys,  will  be  more  important.  (B.  F.  B., 
J.  W.  F.) 

Radio  Hydrogen 

Reduction  of  the  curves  taken  over  the 
past  several  years  with  the  multichannel 
hydrogen-line  receiver  and  the  7.5-meter 
Wurzburg  paraboloid  has  progressed,  and 
we  now  have  a  collection  of  profiles  of 
hydrogen  intensity  as  a  function  of  latitude 
and  velocity  for  galactic  longitudes  from 
ll  =  40°  to  I1  =  220°. 


TABLE  1.    Radio  Star  Right  Ascensions  (1950.0) 


Cambridge 
Catalog  Number 

3CR.A. 

Cal.  Tech.  R.A. 

DTM  R.A. 

Flux  at  405  Mc/s 

3C20 

00h  41m 

34s 

00h  39ffl 

56s 

00h  39m 

50s 

32  X  10-26 

33 

01 

06 

13 

01 

06 

21 

01 

06 

14 

44 

48 

01 

34 

51 

01 

34 

45 

01 

34 

48 

28 

111 

04 

15 

05 

04 

15 

06 

04 

15 

16 

32 

123 

04 

33 

55 

04 

33 

50 

04 

33 

52 

100 

134 

05 

01 

21 

05 

01 

12 

05 

01 

29 

40 

147 

05 

38 

46 

05 

38 

44 

05 

38 

42 

52 

196 

08 

10 

03 

08 

10 

02 

08 

09 

53 

44 

219 

09 

17 

54 

09 

17 

58 

30 

270 

12 

16 

55 

12 

16 

49 

12 

16 

48 

44 

295 

14 

09 

32 

14 

09 

35 

14 

09 

38 

44 

313 

15 

07 

50 

15 

08 

12 

15 

08 

28 

28 

317 

15 

14 

19 

15 

14 

14 

15 

14 

26 

28 

338 

16 

26 

54 

\6 

26 

54 

16 

27 

12 

32 

348 

16 

48 

43 

16 

48 

43 

16 

48 

41 

112 

353 

]7 

17 

58 

17 

17 

59 

17 

17 

49 

>40 

380 

18 

28 

12 

18 

28 

17 

18 

28 

14 

36 

409 

20 

12 

17 

20 

12 

18 

20 

12 

19 

44 

433 

21 

21 

31 

21 

21 

30 

21 

21 

19 

40 

from  the  California  Institute  of  Technol- 
ogy catalog  of  Harris  and  Roberts.  An  ex- 
amination of  this  table  seems  to  indicate 
that  for  sources  with  fluxes  greater  than 
50  X  10"26  at  405  Mc/s  all  three  surveys 
agree  on  the  right  ascensions  within  a 
minute  of  arc.  In  particular,  the  positions 
of  the  sources  Hercules  A  (3C348),  3C295, 
and  3C48,  for  which  optical  identifications 
have  been  made  on  the  basis  of  the  earlier 
surveys,  are  confirmed  by  our  observations. 
The  differences  are  larger  for  weaker 
sources,  as  might  be  expected,  since  read- 
ing error  will  be  larger,  and  confusion, 


An  intensive  study  of  the  21-cm  radia- 
tion from  the  region  of  the  galactic  anti- 
center has  shown  a  number  of  interesting 
features.  Since  the  observer  is  looking 
nearly  at  right  angles  to  the  direction  of 
motion  of  the  hydrogen,  the  differential 
velocities  are  small  and  there  are  difficulties 
in  the  interpretation  of  the  observed  line 
profiles.  Instead  of  a  series  of  separate 
peaks,  the  radiation  from  the  various  spiral 
features  merges  into  a  single  broad  line, 
whose  individual  components  cannot  be 
directly  resolved.  By  choosing  the  proper 
representation,  however,  some  of  the  rele- 
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vant  characteristics  of  the  hydrogen  distri-  cording  to  Morgan,  Whitford,  and  Code, 
bution  can  be  displayed;  in  particular,  The  maximum  apparent  surface  bright- 
maps  of  the  type  shown  in  figure  1  have  ness,  obtained  by  estimating  the  excess 
proved  to  be  useful.  The  line  profiles  ob-  brightness  above  the  background  level,  is 
served  at  each  point  were  averaged,  and  about  35°K,  indicating  that  self-absorption 
the  velocity  scale  was  reduced  to  the  local  is  negligible  if  the  excitation  temperature 
standard  of  rest,  using  the  1956  Lund  Ob-  is  0£  tne  order  of  100°K.  Since  the  emis- 
servatory  tables.  From  these  curves,  a  series  sivity  uncler  theSe  circumstances  is  inde- 
of  maps  was  prepared  showing  the  in-  pendent  of  temperature,  the  mass  of  the 
tensity  of  21-cm  radiation  as  a  function  hydrogen  can  be  calculated  if  the  distance 
of  galactic  latitude  and  longitude  for  par-  is  known.  provided  that  the  agreement  in 
ticular  values  of  radial  velocity  vr  with  poskion  wkh  the  association  t  Geminorum 
respect  to  the  local  standard  of  rest.  Four  is  nQt  a  coincidence>  we  find  that  the  associ. 
such  maps  for  the  anticenter  region  are  ated  h  d  lex  has  a  mass  of 
shown  in  figures  1  to  4  for  vr  =  +4,  0,  2Qm  ^  masses> 

—  4,  and  —  8  km/s.  Because  or  the  effects  ^,  ,  .  .,  ,  r 
c  i  •  .  /•  fci  j.  ^  m  .  £  lne  internal  motions  responsible  tor 
or  galactic  rotation,  the  distribution  or  ,  ,  .  ,  e  ,  r 
brightness  in  this  representation  would  be  broadening  the  range  of  frequencies  over 
expected  to  change  with  velocity  in  a  wh!ch  the  c}ouf  5an  be  detected  aPPear 
regular  manner,  and  such  an  effect  can  be  l°  be  typical  of  the  motions  observed  in 
clearly  seen  in  the  series  shown.  As  vr  the  solar  neighborhood.  If  we  fit  a  gaussian 
changes  from  -8  to  +4  km/s  the  roughly  curve  t0  the  velocity  observation,  the  half- 
elliptical  contours  of  highest  intensity  width  t0  half-intensity  is  4  km/s.  The  aver- 
move  toward  larger  galactic  longitude,  aSe  radial  velocity,  8  km/s,  differs  by 
which  is  the  expected  direction.  For  vr  -  0,  1!  km/s  from  the  average  stellar  radial 
the  contours  would  be  symmetrical  about  velocity  of  the  association  as  determined 
the  anticenter  (approximately  I1  =  147.7)  from  the  radial  velocity  catalog  of  Adams, 
provided  that  (1)  the  hydrogen  is  dis-  The  significance  of  this  difference  is  not 
tributed  in  smooth,  circular  lanes,  (2)  the  known  at  present.  Such  a  difference  can 
hydrogen  is  moving  in  purely  circular  arise  if  the  complex  is  driven  from  the  OB 
orbits,  and  (3)  the  adopted  value  of  the  star  association  by  the  "rocket  effect"  sug- 
solar  apex  is  correct.  Since  doubt  exists  gested  by  Oort  and  Spitzer,  or  it  may 
with  respect  to  all  three  of  these  assump-  simply  indicate  that  there  is  no  relation 
tions,  it  is  not  surprising  that  the  map  for  between  the  complex  and  the  OB  associa- 
Vr  =  0  does  not  display  symmetry  about  ^on- 

I1  =  147.7.  The  asymmetry  is  not  marked,  As  one  progresses,  in  figures  1  to  4,  from 
however.  v r  =  —8  to  vr  —  +4  km/s,  the  I  Gemi- 
In  the  series  shown  in  figures  1  to  4  two  norum  cloud  disappears  but  an  extended 
marked  departures  from  symmetry  can  anomaly  covering  much  of  the  negative 
easily  be  recognized.  In  the  map  for  latitude  range  appears,  becoming  promi- 
Vr  =  -8  km/s,  a  detached  cloud  appears  nent  at  vr  -  +4  km/s.  This  complex  was 
at  I1  =  157°,  b1  =  +4°,  which  clearly  does  first  noted  by  Lilley,  who  made  measure- 
not  share  the  motion  of  most  of  the  hydro-  ments  along  longitude  I1  =  147°  and  lati- 
gen  in  this  direction.  The  angular  dimen-  tude  b1  =  —15°,  and  identified  the  hydro- 
sions  of  the  cloud  are  small,  probably  not  gen  complex  with  the  Taurus  dust  complex, 
much  greater  than  the  resolving  power  The  Carnegie  observations  show  for  the 
of  the  antenna  (2°  by  3°).  The  position  of  first  time  the  full  extent  of  the  complex.  At 
the  cloud  agrees  well  with  the  position  of  b1  =  —20°,  the  brightness  temperature  is 
the  OB  association  I  Geminorum,  which  is  still  high,  and  the  complete  extent  of  the 
located  at  a  distance  of  1.5  kiloparsecs,  ac-  complex  can  only  be  shown  when  the  re- 
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Figures  1  to  4  show  contours  of  hydrogen  brightness  of  21 -cm  emission  for  the  region  around  the 
galactic  anticenter.  The  contours  are  labeled  in  degrees  Kelvin,  and  the  brightness  was  measured 
in  a  10-kc/s  bandwidth  centered  on  a  frequency  corresponding  to  radial  velocities  shown. 


suits  of  figure  1  are  combined  with  the 
high-latitude  survey  of  Erickson,  Heifer, 
and  Tatel  (see  Year  Books  58  and  59). 
The  complex  is  confused,  at  low  latitudes, 
by  the  general  background  of  galactic  hy- 
drogen, but  an  approximate  removal  of 
the  confusion  is  possible  if  we  assume  that, 
in  the  absence  of  the  "Taurus"  H1  complex, 
the  contours  of  the  map  for  given  vr  would 


be  approximately  symmetrical  about  the 
ridge  of  maximum  intensity.  The  contours 
are,  indeed,  quite  regular  for  positive  lati- 
tudes, and  by  estimating  where  symmetri- 
cal isophotes  should  lie  at  negative  latitudes 
it  was  possible  to  subtract  the  "expected" 
brightness  temperature  from  the  bright- 
ness temperature  observed.  Using  this  re- 
duction process,  maps  of  the  complex  were 
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prepared  covering  the  range  ll  —  120°  to 
ll  =  180°,  and  b1  =  0°  to  b1  =  -60°,  for 
all  velocities  at  which  the  complex  was  well 
defined.  One  such  map  is  given  in  figure  5, 
for  vr  —  +4  km/s.  The  precise  upper 
boundary  of  the  complex  is  not  certain  be- 
cause of  the  limitations  of  the  background 
subtraction  process,  but  the  general  char- 
acteristics of  the  cloud  complex  are  well 


20    tX 


Vr  =  +  4  km /second 


Fig.  5.  Contours  of  hydrogen  brightness  for 
the  region  of  the  Taurus  complex. 

revealed.  Hubble's  "zone  of  avoidance"  is 
shown  by  the  heavily  shaded  area  at  the 
top,  and  regions  of  partial  obscuration, 
where  Hubble's  optical  galaxy  count  was 
noticeably  reduced,  are  shown  by  the  light 
shading.  There  is  a  general  correlation 
between  obscuration  and  hydrogen  radia- 
tion, but  the  heaviest  obscuration  barely 
reaches  the  center  of  the  hydrogen  com- 
plex. Within  the  complex,  it  appears  that 
the  dust-to-gas  ratio  varies  widely. 

From  these  reductions,  a  mass  has  been 
derived,  assuming  that  the  mean  distance 
of  the  gas  is  145  parsecs,  the  distance  esti- 
mated by  Greenstein  for  the  dust  com- 
plex. The  total  mass  of  hydrogen  in  the 
complex  is,  then,  20,000  solar  masses,  the 
same  as  for  the  I  Geminorum  complex.  It  is 
interesting  that  a  similar  mass,  20,000  solar 
masses,  was  also  derived  by  Menon  for  the 
hydrogen  associated  with  the  Orion  asso- 


ciation. The  spread  in  velocities  for  the 
Taurus  complex  appears  to  be  about  the 
same  as  for  the  I  Geminorum  complex, 
the  half-width  at  half-maximum  being 
4  km/s.  The  mean  radial  velocity  is 
+  6  km/s. 

In  addition  to  these  nonconforming  fea- 
tures, it  is  interesting  to  follow  the  prog- 
ress, from  one  velocity  to  another,  of  the 
roughly  elliptical  isophotes  of  the  back- 
ground. This  is  presumably  a  superposi- 
tion of  the  radiation  from  our  local  arm, 
the  Perseus  arm,  and  all  more  distant 
features.  Each  feature  should  present  an 
angular  size  proportional  to  its  distance, 
and  cross  sections  in  latitude  should  appear 
as  superpositions  of  the  various  features. 
Such  cross  sections  are  complicated  by  the 
presence  of  the  Taurus  complex,  and,  when 
allowance  is  made  for  this  anomaly,  the 
cross  section  in  latitude  for  given  longitude 
and  velocity  is  roughly  gaussian,  with  a 
width  of  approximately  12°  to  half-bright- 
ness points.  For  the  maps  of  figures  1  to  4, 
the  center  of  gravity  of  the  half-brightness 
contour  was  determined  (after  removal  of 
the  contribution  of  the  Taurus  and  I 
Geminorum  complexes  by  assuming  sym- 
metry, as  noted  earlier) .  The  longitude  of 
this  point  is  plotted  in  figure  6.  The  points 
lie  in  a  remarkably  straight  line,  and  one 
is  therefore  encouraged  to  interpret  the 
results  in  terms  of  current  models.  The 
simplest  model  is  that  given  by  the  Leiden 
group  in  B.  A.  N.  475,  in  which  they  as- 
sume purely  circular  motions.  The  ob- 
served slope  would  then  correspond  to  a 
hydrogen  concentration  at  a  distance  of 
2100  ±  200  parsecs,  the  approximate  dis- 
tance to  the  Perseus  arm  (assuming  that 
Ro  =  8200  parsecs).  The  thickness  of  the 
arm,  to  half-density,  would  be  approxi- 
mately 440  parsecs.  Apparently,  the  local 
spiral  arm  has  little  influence  on  the  con- 
tours, and  in  the  solar  neighborhood  it 
must  be  much  less  dense  than  the  Perseus 


arm. 


The  purely  circular  model  used  in  deriv- 
ing this  distance  is  probably  not  correct, 
and  the  effects  of  deviations  from  purely 
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circular  motion  must  be  investigated.  For 
example,  F.  }.  Kerr  has  suggested  that  the 
hydrogen  gas  in  the  galactic  plane  is 
streaming  outward  with  a  velocity  that 
decreases  with  increasing  distance  from  the 


Fig.  6.    Velocity    of   main    hydrogen    feature 
near  anticenter. 

center,  the  outward  velocity  in  the  solar 
neighborhood  being  7  km/s.  Since  all 
velocities  in  the  anticenter  will  be  still 
smaller,  the  effect  is  not  pronounced,  and  is 
influenced  by  uncertainty  in  the  solar 
velocity  with  respect  to  the  local  standard 
of  rest.  Kerr  has  noted  that  the  local  stand- 
ard of  rest  incorporates  the  expansion, 
since  it  was  determined  by  reference  to 
young  stars  which  share  the  expansion. 
Consequently,  only  the  differential  effect 
may  show  in  figure  6.  The  dotted  line 
assigns  vr  —  0  to  the  anticenter  ll  =  147.7. 
The  displacements  of  the  line  fitted  to  the 
points  for  the  Perseus  arm  all  lie  in  the 
direction  of  negative  velocity,  as  they 
should,  but  the  displacement  is  so  small 
(1  km/s)  that  little  significance  can  be 
attached  to  the  effect  except  that  the  data, 
within  the  observational  uncertainty,  do 
not  contradict  the  expansion  postulated  by 
Kerr.  A  better  determination  of  the  local 


standard  of  rest  would  make  possible  a 
much  more  critical  test. 

The  straight-line  fit  shown  in  figure  6 
assumes  that  the  hydrogen  arms  lie  in 
circular  arcs,  which  is  almost  certainly  not 
true.  If  the  hydrogen  lies  in  the  form  of  a 
logarithmic  spiral,  a  second-order  term  is 
introduced.  The  locus  of  vr  as  a  function 
of  /  would  then  be  an  arc,  the  curvature 
being  concave  upward  for  trailing  arms. 
From  the  lack  of  observable  curvature  in 
the  observed  points,  we  conclude  that  in 
the  anticenter  the  inclination  of  the  Perseus 
arm  is  less  than  20°. 

A  study  has  also  been  made  of  the  inte- 
grated hydrogen  brightness  around  the 
anticenter.  Instead  of  showing  symmetry 
about  I1  =  147.7,  the  integrated  brightness 
distribution  is  approximately  symmetrical 
about  the  longitude  I1  =  152°.  Such  a  shift 
would  be  expected  if  a  general  expansion 
of  hydrogen,  with  radial  velocity  decreas- 
ing with  distance  from  the  galactic  center, 
is  occurring. 

Hydrogen-line  equipment.  During  the 
autumn,  the  multichannel  21-cm  receiver 
was  transferred  to  a  trailer  and  moved  to 
the  location  of  our  new  60-foot  dish  at 
Derwood,  Maryland.  A  recording  of  galac- 
tic hydrogen  was  obtained  on  December  23, 
1960,  at  the  new  site.  Since  the  receiver  is 
now  mobile,  it  can  be  used  not  only  with 
our  own  radio  telescopes  but  with  larger 
equipment  elsewhere,  such  as  the  very 
large  antennas  now  under  construction  at 
the  National  Radio  Astronomy  Observa- 
tory at  Green  Bank,  West  Virginia.  Dur- 
ing the  remainder  of  the  report  year,  many 
improvements  have  been  made  in  the 
equipment,  and  observing  programs  have 
been  started  in  several  regions  of  the  sky. 
The  galactic  center  and  the  region  around 
I1  =  110°  have  been  the  areas  selected  for 
our  first  studies. 

The  simple  dipole  feed  used  with  the 
7.5-meter  Wiirzburg  was  not  well  suited  to 
the  60-foot  dish  because  of  its  inefficient 
and  asymmetric  illumination.  A  new  feed 
has  been  developed,  consisting  of  a  dipole 
in  a  shallow  circular  horn.  The  resulting 
beam   at  21    cm   is   very   nearly   circular, 
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measuring  48'  by  46'  at  3-db  points.    A  about  the  stability  of  continents,  the  causes 

broad-band  balun  has  been  incorporated  that  underlie  mountain  building,  the  forces 

in  the  feed  assembly,  and  the  resulting  feed  that  uphold  great  plateaus  and  let  them 

has  a  VSWR  that  is  less  than  1.04  over  down  again,  the  grand  sweep  of  time,  with 

the  range  1360  to  1420  Mc/s.  its  successive  periods  of  elevation,  erosion, 

Moving  the  receiving  equipment  from  and  redeposit  in  given  localities — all  these 

the  hospitality  of  a  building  to  the  austerity  processes  on  a  large  scale  are  mirrored  in 

of  a  trailer  caused  some  difficulties,  tern-  the  outer  crust  of  the  earth  as  we  find  it 

perature  and  humidity   changes   proving  today.  We  can  see  them  in  the  layers  on 

somewhat  troublesome.  Installation  of  air-  disturbed  layers  that  now  form  the  crust, 

conditioning  equipment  in  the  trailer  was  and  in  the  deep-seated  processes  that  give 

necessary,  and  a  small  dehumidifier  was  almost  daily  evidence  of  their  activity  in 

required  to  keep  the  integrating  condensers  regions  like  the  Andes  and  the  Altiplano 

dry.  A  very  troublesome  intermediate-fre-  of  South  America. 

quency    feedback    effect    was    discovered  Our  Earth's  Crust  group  is  interested  in 

which   required   careful   isolation   of   the  using  the  ideas  and  methods  of  geophysics 

cables  running  from  the  trailer  to  the  mixer  for  illuminating  these  great  questions  of 

at  the  focus  of  the  antenna.  Several  other  long-term  earth  history.  We  do  not  attempt 

changes   were  necessary   to   improve   the  to  recruit  and  lead  an  army  of  investigators 

stability  of  the  gain-versus-frequency  char-  to  speed  the  acquisition  of  more  and  more 

acteristics  of  the  receiver.   In  general,  the  facts,  but,  within  the  thoughtful  and  crea- 

equipment  is  now  fully  as  reliable  as  it  was  tive  framework  of  a  few  enthusiastic  col- 

before  moving.  leagues  working  together   on  the  actual 

An    important    advance    in    individual  materials  of  geophysics  research,  we  are 

channel  stability  has  been  realized  by  the  examining  the  degree  to  which  reliable 

use  of  silicon  diodes  in  place  of  conven-  inferences  can  be  made  about  structures 

tional   hot-cathode   diodes   in   the   phase-  and  deposits  now  deeply  buried  and  epochs 

sensitive  detectors.  Conversion  of  all  chan-  that  passed  long  ago.    Isotope  dating  of 

nels  is  under  way.  In  addition,  a  prototype  ancient  rocks,  seismic  and  gravity  studies 

of  an  all-solid-state  multichannel  receiver  of  greatly  contrasting  continental  regions, 

is  being  constructed  which  offers  the  prom-  paleomagnetic  studies  (now  in  abeyance), 

ise  of  greatly  improved  gain  stability.  In-  deep-seated    electrical    conductivity,    and 

itially,  sixty  channels  will  be  built,  using  studies  of  local  earthquakes  are  all  parts 

transistor  circuitry,  and  if  it  performs  as  of  this  effort  to  study  the  earth,  past  and 

expected,  eventually  the  conventional  tube  present. 

circuits  in  all  channels  will  be  replaced.  A  highly  satisfying  and  conspicuous  fea- 

(B.  F.  B.,  f.  W.  F.,  M.  A.  T.)  ture  of  these  crustal  studies  has  been  evolv- 
ing in  Peru,  Bolivia,  and  Chile  during  the 

THE  EARTH'S  CRUST  Past  ^ew  Years>  based  on  the  Carnegie-IGY 

Expedition  to  the  Andes  in  1957.  Univer- 

T.  Asada}  J  S  Steinhart?  A.  Rodriguez  B.*  $[      and  scientific  colleagues  in  these  coun- 

M.  A.  Tuve,  ana  L.  T.  Aldrich  /     .           .              .    t     °    .   .                   .       . 

tries  nave  been  glad  to  join  us  in  local 

Surely  one  of  the  principal  ways  in  which  earthquake   studies  designed  to  examine 

evidence  can  be  found  about  the  broad  the  marked  attenuation  of  seismic  waves 

questions  of  earth  history  is  to  examine  the  that  we  found  in  1957,  and  to  define  the 

structures  that  result  from  long-term  geo-  patterns  of  local  earthquake  activity  in  their 

logical  and  tectonic  processes.    Questions  respective  regions.  The  Department  of  Ter- 

.     .                                     .  restrial   Magnetism   has   supplied   sixteen 

1  Carnegie  Institution  Fellow;  from  University  i               •    i          •     i      .    e               j*       i       i 
of  Tokvo  short-period  vertical  sets  ror  recording  local 

2  National  Science  Foundation  Fellow.  quakes,  from  a  few  kilometers  up  to  600 

3  University  of  San  Agusti'n,  Arequipa,  Peru.  or  800  km  distant,  and  six  or  seven  more 


DEPARTMENT  OF  TERRESTRIAL  MAGNETISM         245 


sets  will  be  installed  during  the  remainder  bits  of  unproved  dogma  before  their  ap- 

of  1961.  plication  spreads  to  a  whole  new  group  of 

The  initial  development  of  this  coopera-  investigators.    Chief  among  these  simpli- 

tive    activity,    including    some    necessary  fixations  is  the  treatment  of  crustal  struc- 

salary  and  operating  funds  and  the  manu-  ture  as  a  series  of  layers,  each  of  uniform 

facture  of  the  required  special  equipment,  composition,  bounded  by  discontinuities  in 

had  been  carried  out  with  Carnegie  funds,  physical  properties.    Historically,  this  pic- 

but  a  great  impetus  to  the  project  was  ture  of  a  layered  crust  arose  partly  because 

given  early  in  the  report  year  by  a  special  the  model  fitted  the  widely  spaced  observa- 

grant  (G-14593)  from  the  National  Science  tions  but  mainly  because  for  a  model  of 

Foundation  to  cover  two  years'  operating  this  kind  the  mathematics  is  suitable  for 

expenses  for  many  of  the  required  stations,  hand  calculation.  The  real  physical  proper- 

The    grant    also    makes    possible    much  ties  of  the  crust  can,  and  probably  do,  differ 

greater  flexibility  of  interchange  and  joint  from  this  simple  picture  in  two  important 

work  by  providing  funds  for  travel  and  ways:    First,  the   properties  may  not  be 

for  student  help.  constant  in   layers  with  abrupt  changes, 

The  principal  collaborators  are  Dr.  Ani-  but  more  likely  change  continuously  with 

bal    Rodriguez   B.,   Universidad    de   San  depth,  with  possible  abrupt  changes  also 

Agustm,    Arequipa,    Peru,    and    his    col-  occurring.    Second,  there  may  exist  local 

leagues,  especially  Dr.  Pascual  Salas  del  masses  of  material  10  kilometers  or  more 

Carpio;  Dr.  Reynaldo  Salgueiro,  Universi-  in  dimension   with   properties,  especially 

dad  Mayor  de  San  Andres,  La  Paz,  Bolivia,  seismic  velocities,  differing  from  those  of 

and  his  close  associates,  especially  Reverend  the  surrounding  material.   The  first  prob- 

Padre  Ramon  Cabre,  Collegio  San  Calixto,  lem  can  now  be  dealt  with  analytically 

La  Paz,  and  at  the  Northern  Branch  of  through  the  use  of  high-speed  computing 

the  University  of  Chile  in  Antofagasta  Dr.  machines  capable  of  handling  the  tedious 

German  Frick  and  Reverend  Padre  Ger-  numerical   calculations.    Past  crustal   ob- 

man  Saa,  who  also  teaches  at  the  Uni-  servations  at  the  DTM  and  elsewhere  have 

versidad    del   Norte   there.    A   most   en-  made  it  almost  certain  that  such  gradual 

couraging  development  for  us  is  to  find  changes  in   velocity  with  depth  exist  in 

in  each  place  several  alert  and  well  trained  some  locations.   Therefore  some  effort  di- 

students,  possessed  of  vigorous  determina-  rected  toward  preparation  of  computer  pro- 

tion    to    emphasize   the   purely    scientific  grams  [s  'm  orcJer.  The  second  problem  is 

aspects  or  their  studies.  a   mucn   more   serious  one,  for,   if  such 

"blobs"  of  different  material  are  scattered 

Seismic  Studies  through  the  crust,  the  determination  of 

t-i       i  .     .  i         •  .  i      •  i  detailed  crustal  structure  becomes  very  dif- 

lne  data  taken  in  crustal  seismic  ob-  r     ,         .    .      .  .  .       r  .  ; 

servations  consist  only  of  distances  and  ficult *nd  ,sl™Ple  «? odels  o£  crustal  struc' 
times.  To  arrive  at  conclusions  about  ture  have  little  real  meaning, 
crustal  structure  from  these  data  requires  South  America.  Our  investment  of  in- 
die introduction  of  a  number  of  assump-  terest  and  e#ort  with  colleagues  at  uni- 
tions  and  simplifications.  Many  of  these  versities  in  Peru,  Bolivia,  and  Chile  has, 
can  be  inferred  from  fundamental  physics  during  the  past  year,  begun  to  bear  fruit, 
or  demonstrated  in  analogous  experiments,  A  conference  held  in  Arequipa  with  asso- 
but  a  few  have  become  frozen  into  dogma  ciates  of  the  DTM  in  these  countries  dem- 
only  by  continued  usage.  Today,  with  the  onstrated  convincingly  the  capabilities  of 
sudden  expansion  of  seismology  accom-  many  professors  and  students  in  both  the 
panying  the  interest  in  the  detection  of  obtaining  and  the  understanding  of  seismic 
nuclear  explosions,  it  becomes  especially  information  from  local  and  distant  earth- 
important  to  inquire  about  some  of  these  quakes.   Professor  Rodriguez  at  the  Uni- 
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versity  of  San  Agustin  in  Arequipa  has 
been  working  less  than  two  years  (in  an 
interval  which  included  the  destruction 
by  earthquakes  and  the  rebuilding  of  much 
of  his  laboratory  space)  with  equipment 
furnished  by  this  Department  which  he 
had  to  test  and  make  operative  in  the  field. 
He  has  taught  nonprofessional  operators 


tude  2  to  4).  The  preliminary  results  of 
these  observations  are  shown  in  figures  7, 
8,  and  9.  The  stations  in  operation  are 
shown  in  figure  7  at  Ongoro,  San  Gregorio, 
Frayle,  Characato,  and  Ayanquera.  The 
epicenter  locations,  also  shown  in  this 
figure,  may  be  seen  to  lie  on  a  line 
parallel  to  the  coast  of  Peru.  With  the  five 


Fig.  7.  Epicenters  located  by  Professor  Rodriguez  in  the  vicinity  of  Arequipa,  Peru.  The  loca- 
tions in  the  seismic  network  used  in  these  observations  are  shown  and  also  the  sections  A-A'  and 
A'-B  used  in  subsequent  figures. 


to  make  the  essential  routine  measurements 
required  at  four  stations  and  has  trained 
students  to  read  and  tabulate  records  and 
to  calculate  the  location  of  earthquake 
hypocenters.  The  preliminary  results  of 
these  efforts  were  "discovered"  during  the 
Arequipa  conference  (April  1961)  and 
were  a  shining  example  to  Rodriguez'  col- 
leagues in  both  South  and  North  America 
of  the  work  that  is  possible  under  adverse 
experimental  conditions. 

Rodriguez    observed    the    energy    from 
relatively  small  local  earthquakes  (magni- 


stations  it  was  possible  to  determine  the 
depth  of  the  shock  as  well  as  the  epicenter. 
These  hypocenters  are  shown  in  figure  8, 
first  in  a  vertical  projection  parallel  to  the 
line  indicated  by  the  epicenters.  The  depths 
of  the  shocks  in  this  plane,  distributed 
more  or  less  randomly,  range  from  40  to 
350  km.  Earlier  studies  of  Andes  quakes 
by  other  workers  have  suggested  that,  if 
one  were  to  look  at  right  angles  to  this 
plane,  the  shocks  would  be  distributed 
about  a  plane  intersecting  the  surface  at 
45°.   The  actual  distribution  is  shown  in 
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figure  9.  The  exact  location  of  the  deep 
shocks  is  subject  to  considerable  error,  as 
is  indicated  in  figure  9.  However,  there 
is  no  suggestion  of  anything  but  a  vertical 
plane.  The  data,  being  accumulated  at  the 
rate  of  about  20  shocks  per  month,  will 
provide  an  excellent  basis  for  statistical 
studies  of  the  properties  of  the  crust  and 
mantle  in  the  Arequipa  area. 


from  which  data  were  obtained  on  the  two 
lines  indicated.  Again,  we  are  greatly  in- 
debted to  our  colleague,  Professor  R.  P. 
Meyer,  of  the  University  of  Wisconsin, 
under  whose  direction  the  shots  were 
timed  and  exploded.  Additional  data  ob- 
tained on  the  line  east  from  Cliff  Lake  are 
shown  in  figure  11.  The  new  data  support 
the  three-layer  (or  four-layer)  model  sug- 
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Fig.  8.    Vertical  section  looking  southwest  from  A-A'  of  figure  7,  showing  the  distribution  of  hypo- 
centers  parallel  to  the  coast  line  of  Peru. 


North  America.  Our  renewed  efforts  to 
examine  major  structures  in  the  earth's 
crust  by  explosion  seismology  in  Montana 
and  Wyoming  were  reported  in  Year  Book 
59.  Some  of  the  ambiguities  in  the  findings 
were  also  discussed.  As  a  result  of  these 
ambiguities  another  expedition  with  some- 
what more  extensive  equipment  and  man- 
power returned  to  northern  Montana  in 
July  1960.  Figure  10  shows  the  shot  points 


gested  last  year.    The  "reversed"   profile 
gave  data  shown  in  figure  12. 

By  marking  all  the  time-distance  curves 
on  the  two  profiles  and  choosing  the  ones 
that  give  a  self-consistent  model  of  the 
structure,  we  get  first  the  model  shown  in 
table  2,  which  has  a  closure  time  difference 
of  less  than  0.2  second,  and  second  a  struc- 
ture that  is  deeper  under  the  great  plains 
of  central  Montana  than  under  the  moun- 
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Fig.  9.    Vertical  section  looking  northwest  from  A'-B  of  figure  7,  showing  the  distribution  of  hypo- 
centers  perpendicular  to  the  coast  line  of  Peru. 


tains  themselves.  The  complexity  of  the 
interpretation  of  seismic  data  has  not  been 
diminished  by  this  experiment. 

To  test  for  the  existence  of  large-scale 
inhomogeneous  masses  within  the  crust, 
arrangements  have  been  completed  for  ex- 

TABLE  2.  Velocities  and  Thicknesses  of  Self- 
Consistent  Model  of  Montana  Structure 
Based  on  Data  from  Which  Figures  11  and 
12  Were  Drawn 


Velocity, 
km/sec 

Thickness,  km 

Layer 

Missouri 

Cliff 

River 

Lake 

1 

5.00 

1.5 

1.5 

2 

5.76 

8.1 

15.8 

3 

6.65 

11.0 

9.5 

4 

7.29 

27.7 

15.8 

5 

8.06 

Total 

crust 

48.3 

42.6 

tensive  seismic  observations  in  the  summer 
of  1961  in  Maine,  with  explosions  fired  by 
the  Navy  and  Coast  Guard  in  the  Gulf  of 
Maine.  Colleagues  from  the  University  of 
Wisconsin  and  Princeton  agreed  to  join 
us  in  the  observations  for  this  specific  pur- 
pose, and  the  Department  undertook  to 
make  the  necessary  arrangements  for  the 
shots.  Later,  others  became  interested  in 
the  project,  and  they  will  also  join  us  in 
the  observations.  A  partial  list  includes 
Pennsylvania  State  University,  University 
of  Michigan,  Woods  Hole  Oceanographic 
Institution,  University  of  Rhode  Island, 
and  several  Department  of  Defense  con- 
tractors who  will  observe  for  their  own 
purposes. 

For  the  principal  objective,  that  of  de- 
termining the  existence  of  "blobs"  (rock 
masses  of  different  densities)  in  the  crust, 


DEPARTMENT  OF  TERRESTRIAL  MAGNETISM         249 


49( 


48" 


47< 


46< 


45c 


Fig.  10.     Shot  points  and  observation  stations   in    1960   series   of   explosions   in   Montana. 
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Fig.  11.    Reduced  travel-time  plot  of  data  obtained  on  line  east  of  Cliff  Lake. 
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Fig.  12.    Reduced  travel-time  plot  of  data  obtained  on  line  northwest  of  Missouri  River  shot  point. 


a  line  of  stations,  each  with  an  array  of 
5  to  7  seismometers  extending  over  2  km, 
will  be  set  up  forming  a  continuous  record- 
ing line  about  60  km  long.  Other  observers 
are  stationed  10  and  20  km  to  the  side  of  the 
line  at  various  points.  The  ships  will  fire 
charges  every  5  to  10  km  along  the  seaward 
extension  of  this  line  of  stations  for  300  to 
400  km.  In  this  way,  each  succeeding  shot 
samples  a  small  new  section  of  the  crust 
while  the  rest  of  the  path  of  travel  of  the 
seismic  waves  is  changed  very  little.  De- 
tailed analysis  of  the  data  obtained  from 
these  30  or  40  shots  should  determine,  for 
this  area,  whether  the  crust  has  large- 
scale  inhomogeneous  masses.  If  the  meas- 
urements are  successful,  we  will  also  obtain 
the  first  fairly  complete  picture  of  crustal 
structure  across  the  continental  margin. 

Radioactive  Ages  of  Rocks 

L.  T.  Aldrich,  S.  R.  Hart,4'  G.   W.  Wetherill,5 
G.  L.  Davis,6  G.  R.  Tilton*  and  B.  Doe  *•  6 

The  work  of  the  group  this  year  has 
been  the  consolidation  of  data  and  the  im- 

4  Carnegie  Institution  Fellow. 


provement  of  technique  so  that  a  wider 
range  of  minerals  could  be  available  for 
checking  the  effects  of  geologic  process  on 
radioactive  ages.  The  new  work  was  partly 
concerned  with  the  study  of  minerals  low 
in  potassium  for  their  suitability  as  age 
indicators  by  the  K-Ar  method.  These 
minerals  have  been  demonstrated  (a)  to 
be  usually  more  resistant  to  metamorphic 
events  than  coexisting  biotites,  (b)  to  be 
essentially  free  of  "inherited"  radiogenic 
argon,  and  (c)  to  have  adequate  potassium 
for  the  measurement  of  ages  as  low  as 
20  m.y.  (million  years). 

Another  matter  of  interest  in  the  study 
of  metamorphic  ages  has  been  the  effects 
of  a  young  intrusive  on  the  minerals  of 
the  intruded  rock.  The  findings  have  es- 
sentially confirmed  laboratory  diffusion 
studies  of  the  retentivity  of  argon  by  mica, 
feldspar,  and  hornblendes.  The  pattern  of 


5  Resigned  September  30,  1960. 

6  Geophysical  Laboratory,  Carnegie  Institution 
of  Washington. 
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Rb-Sr  ages  in  micas  has  also  been  studied, 
and,  as  had  been  suggested  by  work  in 
other  metamorphic  areas,  the  Rb-Sr  age 
of  biotite  has  been  found  to  parallel  closely 
its  K-Ar  age.  Some  of  the  details  of  these 
studies  are  given  below. 

Amphiboles  and  Pyroxenes 

Amphiboles  and  pyroxenes  are  of  con- 
siderable interest  for  K-Ar  dating.  Most 
intermediate  and  mafic  rocks  do  not  con- 
tain mica  and  previously  had  not  been 
used  for  dating  purposes  unless  mica-bear- 


roxenes  have  been  analyzed  for  potassium 
and  argon.  Most  of  these  30  were  horn- 
blendes, but  samples  of  tremolite,  actino- 
lite,  riebeckite,  augite,  and  hypersthene  are 
included.  The  hornblende  K-Ar  ages  from 
some  of  the  more  reliably  dated  localities 
are  listed  in  table  3,  with  the  ages  of  asso- 
ciated minerals  for  comparison. 

Within  the  limits  of  error,  6  of  the  horn- 
blende K-Ar  ages  are  greater,  5  are  equal 
to,  and  2  are  less  than  the  corresponding 
biotite  K-Ar  ages.  It  is  interesting  to  note 
that  a  similar  distribution  holds  between 


TABLE  3.    Hornblende  K-Ar  Ages  Compared  with  Ages  of  Associated  Minerals 


Sample  Location 

Hornblende 

Biotite 

Zircon 

K-Ar 

K-Ar 

Rb-Sr 

Pb207/Pb206 

Conway,  N.  H.,  granite 

145 

168 

190 

187  (238/206) 

Ellicott  City,  Md.,  granite 

300 

315 

290 

450 

Wheaton,  Md.,  tonalite 

315 

570  ±  50 

Baltimore,  Md.,  gneiss 

370 

388 

310 

1120 

Philadelphia,  Pa.,  gneiss 

430 

550 

390 

1120 

Crossnore,  N.  C,  gneiss 

840 

800  ±  50 

Shenandoah,  Va.,  gneiss 

900 

800 

880 

1150 

Saudi  Arabia,  granite 

900 

720 

685 

Bear  Mtn.,  N.  Y.,  granite 

910 

840 

930 

1060 

Dill  Sta.,  Ontario,  gneiss 

940 

960 

915 

De vault,  Pa.,  gneiss 

960 

1010 

485 

Florence  Co.,  Wise,  greenstone 

1360 

1340 

1350 

Iron  Co.,  Mich.,  gneiss 

1570 

1230 

Dickinson  Co.,  Mich.,  gneiss 

1680 

1280 

1370 

2510 

Dickinson  Co.,  Mich.,  gneiss 

1740 

1420 

1540 

ing  units  were  found.  However,  these 
rocks  commonly  contain  an  amphibole  or 
pyroxene,  or  both.  Minerals  of  these  fami- 
lies contain  sufficient  potassium  for  dating 
by  the  K-Ar  method.  Ages  can  be  deter- 
mined with  normal  accuracy  on  all  but  the 
younger  Tertiary  samples. 

Of  equal  importance  in  establishing  the 
use  of  these  minerals  is  the  fact  that  during 
metamorphism  they  frequently  appear  to 
retain  radiogenic  argon  better  than  biotites. 
In  a  sense  they  provide  another  equation 
to  aid  in  solving  the  geologic  history  of 
areas  that  have  been  affected  by  one  or 
more  periods  of  metamorphism. 

To  date,  about  30  amphiboles  and  py- 


the  hornblende  K-Ar  and  biotite  Rb-Sr 
ages.  Eight  of  the  9  hornblendes  having 
associated  zircon  ages  show  K-Ar  ages  less 
than  the  Pb207-Pb206  zircon  age. 

The  results  so  far  provide  no  evidence 
for  the  existence  of  excess  radiogenic  argon 
in  amphiboles  as  postulated  by  Damon  and 
Kulp.7  The  results  do  establish  a  general 
usefulness  of  these  minerals  for  K-Ar 
dating. 

North  Michigan  summary.  Reports  have 
been  made  over  the  past  three  years  on 
measurements  of  ages  on  various  minerals 

7  P.  E.  Damon  and  J.  L.  Kulp,  Am.  Min- 
eralogist, 43,  433-459,  1958. 
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from  the  metamorphosed  rocks  of  northern 
Michigan.  More  than  a  hundred  inde- 
pendent ages  have  now  been  obtained  on 
samples  from  an  area  35  miles  on  a  side  in 
Iron  and  Dickinson  counties.  The  data 
will  be  fully  published  elsewhere,  but  cer- 
tain summaries  of  the  data  shed  consider- 
able light  on  the  behavior  of  the  age  pat- 


feldspar  Rb-Sr,  and  zircon  ages  obtained 
this  year  do  not  change  this  interpretation 
but  rather  convincingly  indicate  the  period 
of  mineral  formation  that  gives  the  re- 
gional pattern  of  metamorphism  to  be  at 
1800  to  1900  m.y.  There  were  certainly 
pre-existing  granites  and  gneisses  as  old 
as  2700  m.y.  and  a  1650-m.y.  event  that  can 
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Fig.  13.  Distribution  of  ages  obtained  on  five  minerals  using  four  independent  decay  systems 
from  rocks  in  the  metamorphic  areas  of  northern  Michigan.  The  stability  of  the  ages  in  the  order 
of  their  resistance  to  metamorphic  events  seems  to  be  zircon  Pb207-Pb206;  feldspar  Rb-Sr;  muscovite 
Rb-Sr;  hornblende  K-Ar;  biotite  Rb-Sr;  muscovite  K-Ar;  biotite  K-Ar;  zircon  Th-Pb. 


terns   of  different    minerals   as    they   are 
subjected  to  metamorphic  events. 

Figure  13  summarizes  all  the  ages  meas- 
ured by  K-Ar,  Rb-Sr,  U-Pb,  and  Th-Pb 
on  biotites,  muscovites,  hornblendes,  feld- 
spars, and  zircons.  The  plot  is  a  histogram 
showing  the  distribution  of  ages  measured 
between  1100  and  3000  m.y.  and  identifying 
the  individual  minerals.  In  Year  Book  59 
it  was  suggested  that  the  areal  distribution 
of  biotite  ages  indicated  two  periods  of 
metamorphism.    The    hornblende    K-Ar, 


be  traced  through  the  whole  area.  The 
1100-  to  1350-m.y.  events  seem  to  be  subtle 
effects  unrelated  to  any  igneous  event  in 
the  immediate  vicinity.  No  feldspar,  horn- 
blende, or  zircon  ages  seem  to  be  related  to 
this  date.  In  Florence  County,  Wisconsin, 
a  hornblende  and  a  biotite  give  concordant 
ages  of  1350  m.y.,  suggesting  that  the 
energy  source  for  altering  the  biotite  ages 
is  to  the  southwest  of  the  center  of  the 
1800-  to  1900-m.y.  event. 
Another  interesting  feature  of  the  work 
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lies  in  the  determination  of  the  age  of  the 
Randville  dolomite  in  the  area.  This  dolo- 
mite contains  evidence  of  algal  fossils. 
The  age  of  the  dolomite  is  greater  than  the 
period  of  metamorphism,  which  is  set  be- 
tween 1800  and  1900  m.y.  These  primitive 
forms  of  life  are  therefore  older  than  this 
date. 

Another  summary  from  these  data  of 
interest  to  the  problem  of  age  determina- 
tion is  the  ratio  of  potassium  to  rubidium 
in  the   various  minerals  in  igneous  and 


cordant  age  patterns  are  also  different  from 
area  to  area.  In  addition  to  the  information 
about  absolute  age,  these  patterns  contain 
a  great  deal  of  information  about  tem- 
perature histories  and  metamorphic  rate 
processes. 

In  these  regional  metamorphic  areas  it  is 
generally  impossible  to  relate  the  age  pat- 
terns to  any  specific  environmental  factors. 
Temperatures  can  be  inferred  only  from 
the  mineral  assemblages.  Usually,  by  the 
time  reliable   indicators   of  metamorphic 
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Fig.  14.    Distribution  ratio  of  K/Rb  in  minerals  from  igneous  and  metamorphic  rocks  in  northern 
Michigan,  showing  the  differences  found  for  these  sources  of  minerals. 


metamorphic  rocks.  This  is  shown  for 
biotites,  muscovites,  and  feldspars  in  fig- 
ure 14.  The  interesting  feature  of  the 
distribution  is  the  almost  complete  separa- 
tion of  igneous  and  metamorphic  rocks  for 
both  biotite  and  muscovite. 

Study  of  Mineral  Ages  in  a  Contact 
Metamorphic  Zone 

Many  of  the  areas  in  which  extensive 
age  determination  work  has  been  done 
have  been  shown  to  have  metamorphic 
histories.  In  these  areas  there  is  seldom 
complete  agreement  among  all  the  various 
isotopic  mineral  ages.    The  resulting  dis- 


grade  develop,  all  but  the  most  resistant 
minerals  will  have  lost  any  evidence  of 
premetamorphic  age.  For  this  reason  a 
contact  metamorphic  zone  is  ideal  for  a 
study  of  discordant  age  relationships;  here 
there  is  the  possibility  of  correlating  the  age 
patterns  with  at  least  one  variable,  tempera- 
ture. If  discordant  ages  are  generally  the 
result  of  diffusion  loss  of  daughter  product, 
the  temperature  should  be  the  dominant 
control. 

This  study  was  carried  out  in  the  Front 
Range  of  Colorado,  where  a  54-m.y.  quartz 
monzonite  intrusive  cuts  high-grade  Pre- 
Cambrian  schists  and  gneisses  which  gen- 
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erally  show  ages  of  1200  to  1300  m.y. 
Samples  were  collected  over  a  distance 
equivalent  to  a  quarter-width  of  the  in- 
trusive. Both  quartz-orthoclase-albite-bio- 
tite  and  hornblende-andesine-diopside  as- 
semblages were  collected.  The  samples 
were  studied  for  mineralogical  and  tex- 
tural  contact  metamorphic  effects.  For 
samples  at  distances  greater  than  10  feet, 
there  are  no  characteristics  clearly  related 
to  the  contact  metamorphism.  The  effects 


The  hornblende  K-Ar  ages  are  much  less 
affected  by  the  contact  heating,  changing 
significantly  only  within  100  feet  from  the 
contact.  The  feldspar  K-Ar  ages  exhibit 
a  curious  phenomenon :  they  remain  essen- 
tially constant  at  about  300  m.y.  for  more 
than  1000  feet.  In  this  interval  they  actually 
have  retained  more  argon  than  the  biotites, 
the  reverse  of  the  usual  mica-feldspar  dis- 
crepancy. The  feldspar  contact  ages  pro- 
vide a  striking  example  of  what  might  be 
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Fig.  15.  Variation  of  ages  of  minerals  as  a  function  of  distance  from  an  intrusive  contact.  Note 
the  variability  of  response  to  the  intrusive  event  between  minerals  and  between  the  methods  of  meas- 
uring the  age. 


of  the  contact  metamorphism  on  the  iso- 
topic  ages,  however,  are  marked  (fig.  15). 
This  serves  to  emphasize  what  has  been 
apparent  from  past  studies,  namely,  that 
the  ages  themselves  are  the  most  sensitive 
and  sometimes  the  only  observable  indi- 
cator of  a  metamorphic  or  polymetamor- 
phic  history. 

Qualitative  aspects  of  the  contact  age 
relationships  are  obvious.  The  biotite  K-Ar 
and  Rb-Sr  ages  increase  steadily  with  dis- 
tance from  the  contact,  the  Rb-Sr  ages 
being  greater  at  all  points.  At  2400  feet, 
neither  has  reached  the  1200-m.y.  age  char- 
acteristic of  the  unaffected  country  rock. 


called  quantized  argon  diffusion  loss.  Lab- 
oratory diffusion  measurements  of  argon 
in  feldspar  and  mica  8  have  shown  that 
this  effect  should  occur,  but  field  examples 
have  not  previously  been  recognized.  The 
diffusion  experiments  showed  that  there 
are  different  "phases"  of  argon  in  micas 
and  feldspars   which  diffuse  at  different 

8  K.  I.  Amirkhanov,  S.  B.  Brandt,  E.  N.  Bart- 
nitskii,  Diffusion  of  radiogenic  argon  in  feldspars, 
Do\lady  A\ad.  Sci.  USSR,  125(6),  Geochem. 
Ser.,  1959. 

E.  K.  Gerling  and  I.  M.  Morozova,  Determina- 
tion of  the  activation  energy  of  argon  isolation 
from  micas,  Geo\himiya,  no.  4,  1957. 
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rates.  In  feldspar,  for  example,  the  first 
20  to  30  per  cent  of  the  argon  diffuses 
rather  readily,  whereas  the  diffusion  co- 
efficient of  the  last  10  per  cent  may  be 
104  to  105  times  smaller.  The  constant  age 
of  the  contact  feldspars  out  to  1000  feet 
probably  represents  a  tightly  bound  argon 
component  that  does  not  show  appreciable 
diffusion  even  at  near-contact  temperatures. 


Further  study  of  the  variation  of  age 
with  grain  size  is  illustrated  in  figure  16. 
Biotite  plates  about  8  millimeter  in  diam- 
eter were  hand  picked  from  the  250-foot 
sample,  and  holes  of  various  sizes  were 
punched  in  the  plates.  The  resulting  con- 
centric samples  were  analyzed  for  potas- 
sium, rubidium,  and  strontium  to  deter- 
mine the  variation  of  these  parameters  with 
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Fig.  16.  Variation  in  Rb-Sr  age  in  a  single 
plate  of  biotite  as  a  function  of  distance  from  the 
center  of  the  plate.  The  variation  produced  by 
diffusion  alone  from  a  cylinder  is  indicated. 

Although  similar  behavior  is  predicted  for 
biotite,  the  difference  in  the  diffusion  rates 
for  the  different  argon  components  may 
not  be  large  enough  to  make  the  effect 
noticeable  in  the  contact  biotites. 

The  dotted  curves  represent  Rb-Sr  and 
K-Ar  ages  on  biotite  separated  from  finer- 
grained  parts  of  the  country  rock.  The 
finer  biotite  shows  more  daughter  product 
diffusion  loss  than  the  coarse  samples.  The 
grain  sizes  are  approximately  a  factor  of 
5  different,  and  this  would  quantitatively 
account  for  the  observed  age  differences. 
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Fig.  17.  Isotopic  composition  of  the  lead  in 
potassium  feldspars  in  the  intrusive  and  near  the 
contact  in  the  intruded  rock.  The  data  are  con- 
sistent with  a  model  in  which  the  intruded  rock 
is  about  1200  m.y.  old  and  has  a  Th/U  ratio  of 
about  14. 


radial  distance.  The  potassium  and  ru- 
bidium are  essentially  constant  within 
experimental  error,  dropping  significantly 
(3  per  cent)  only  in  the  outermost  rim. 
The  K/Rb  ratio  is  constant  throughout. 
The  radiogenic  strontium,  or  Rb-Sr,  age 
decreases  continuously  from  center  to  edge, 
verifying  that  the  Rb-Sr  age  pattern  in 
the  contact  zone  is  due  to  diffusion  loss 
of  radiogenic  strontium  and  clearly  not 
due  to  gain  of  rubidium.  The  radiogenic 
strontium  gradient  also  demonstrates  that 
diffusion  in  these  biotites  is  not  occurring 
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from  subgrain  size  units  but  dominantly  1350  m.y.,  in  good  agreement  with  the 

from  each  plate  as  a  whole.  Precambrian  ages  usually  observed  in  the 

A  theoretical  age  gradient  is  shown  in  vicinity.  The  85-  and  20-foot  samples  show 

figure  16,  calculated  for  a  cylindrical  model  mixing  with  lead  from  a  source  with  a 

where  diffusion  is  radial  only  and  where  high  Th/U  ratio.    Since  the  monazite-to- 

the  external  concentration  of  radiogenic  zircon  ratio  is  quite  high  in   the  Idaho 

strontium  is  zero.  The  observed  gradient  Springs  formation,  the  mixing  is  probably 

is    considerably    flatter    than    the    model  local  and  from  the  minerals  associated  with 

would  predict,  suggesting  the  presence  of  the  K-feldspar.    The   mixing  of  lead  in 

an   axial  component  of  diffusion.    Alter-  the   85-    and   20-foot   samples   could   not 

natively,  it  is  possible  that  some  of  the  be  with  lead  from  the  intrusive  because 

plates  used  were  actually  parts  of  larger  the    intrusive    lead    is    well    off    the    ap- 

original  plates.  parent  mixing  curve.   The  2-foot  sample, 

The  increase  of  normal  strontium  to-  however,  probably  does  represent  mixing 
ward  the  periphery  is  interesting  but  could  with  intrusive  lead.  The  intrusive  sample, 
be  due  either  to  a  metamorphic  process  or  collected  near  the  contact,  may  also  be 
to  later  incipient  alteration.  In  any  event,  partly  mixed  with  country  rock  lead.  Corn- 
it  is  clear  that  the  least  affected  age  is  parison  of  the  lead  data  and  the  isotopic 
obtained  from  centers  of  larger  grains,  age  data  shows  that  lead  in  K-feldspar  is 
Presumably,  agreement  between  ages  of  not  as  easily  affected  by  the  contact  meta- 
central  and  external  portions  could  be  used  morphism  as  the  argon  and  strontium  in 
as  a  criterion  to  differentiate  true  original  biotite  but  is  more  easily  affected  than 
or  metamorphic  ages  from  ages  that  are  argon  in  the  hornblendes, 
merely  "in  between."  The  role  of  temperature  in  producing 

Figure  17  shows  the  isotopic  composition  discordant  age  patterns  is  clearly  illustrated 
of  lead  in  the  K-feldspars  from  the  in-  in  this  contact  study.  The  regularities  ob- 
trusive and  contact  zone.  Lead  in  the  served  and  their  interpretation  are  not 
1000-  and  2400-foot  samples  was  essentially  hopelessly  complex.  With  further  labora- 
unaffected  by  the  contact  metamorphism.  tory  studies  of  diffusion  phenomena,  quan- 
These  samples  have  206/207  and  208/204  titative  understanding  of  many  metamor- 
model   lead   ages   in   the   range    1150   to  phic  processes  can  be  expected. 


THEORETICAL  AND  STATISTICAL  GEOPHYSICS 

5".  E.  Forbush 


Geomagnetic  Activity  and  the  Outer  Van 
Allen  Trapped -Radiation  Belt9 

Since  October  1959  the  intensity  in  the 
outer  Van  Allen  trapped-radiation  belt 
has  been  registered  by  Van  Allen  and  his 
colleagues  at  the  State  University  of  Iowa 
(Iowa  City)  during  many  of  the  transits 
of  the  satellite  Explorer  VII  through  the 
belt.  In  a  typical  transit  with  complete 
registration  two  maxima  of  intensity  are 
recorded  as  the  satellite  crosses  the  belt  in 

9  An  investigation  carried  out  jointly  with  D. 
Venkatesan  and  C.  E.  Mcllwain  of  the  Depart- 
ment of  Physics  and  Astronomy,  State  University 
of  Iowa,  Iowa  City,  Iowa. 


its  northward  and  southward  passes,  at  alti- 
tudes between  about  500  and  1100  km,  over 
the  North  American  continent.  During  the 
large  magnetic  storm  of  November  28, 
1959,  Van  Allen,  Roach,  and  Gartlein10 
found  that  the  thickness  of  the  outer  belt, 
along  the  earth's  radius,  was  greatly  re- 
duced and  that  the  center  of  this  narrow 
belt  if  extended  downward  along  the  line 
of  force  pierced  the  upper  atmosphere, 
where  strong  auroral  activity  was  simul- 
taneously observed.  This  important  result 

10  B.  J.  O'Brien,  J.  A.  Van  Allen,  F.  E.  Roach, 
and  C.  W.  Gartlein,  /.  Geophys.  Research,  65, 
2759-2766,  1960. 
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suggested  that  auroral  particles  may  come 
from  the  outer  radiation  belt. 

To  determine  more  generally  whether 
there  is  a  significant  statistical  relation  be- 
tween geomagnetic  activity  (and/or  the 
latitude  of  auroral  currents  in  the  iono- 
sphere) and  the  intensity  in  the  belt  to- 
gether with  the  distribution  of  intensity 
within  the  belt  along  the  earth's  radius,  a 
systematic  investigation  was  undertaken, 
based  on  all  the  useful  available  counting 
rate  data  from  Explorer  VII.  In  addition, 
it  was  anticipated  that  the  variations  of 
intensity  within  the  trapped-radiation  belt 
might  indicate  whether  the  equatorial  ring 
current  (or  the  equivalent  current  system) 
responsible  for  the  geomagnetic  storm-time 
variation  is  due  to  the  longitudinal  drift 
(westward  for  positive  charges  and  east- 
ward for  electrons)  of  particles  in  the  belt. 
For  this  aspect  of  the  investigation,  values 
(U)  for  the  northward  geomagnetic  com- 
ponent of  the  field  of  the  equatorial  ring 
current  were  derived  for  each  3-hour 
Greenwich  interval  from  July  1959  to  July 
1960,  using  the  method  of  Kertz lx  to  elimi- 
nate secular  variation  and  Sg  effects. 

For  a  transit  of  Explorer  VII  through 
the  belt  the  continuously  registered  radia- 
tion intensity  was  averaged  over  several 
segments  of  the  trajectory  to  describe  the 
variation  of  intensity  in  the  belt.  To  locate 
the  midpoint  of  the  segment  over  which 
the  average  was  taken,  the  parameter  L 
was  used.  L  is  defined  as  a  function  of 
the  integral  invariant  I  and  scalar  magnetic 
field  B  such  that,  everywhere  on  the  shell 
described  by  the  motion  of  a  trapped  par- 
ticle in  the  earth's  magnetic  field,  L  closely 
approximates  the  equatorial  radius  of  the 
shell.  For  the  period  for  which  L  had  been 
computed,  October  26  to  December  9,  1959, 
the  temporal  variations  of  intensity  were 
derived  for  L  =  2.9,  3.5,  4.1,  and  4.7  in 
units  of  the  earth's  radius.  The  variation 

11  Walter  Kertz,  Ein  neues  Mass  fur  die  Feld- 
starke  des  erdmagnetischen  aquatorialen  Ring- 
stroms,  Abhandl.  A\ad.  WiSs.  Gottingen,  Math.- 
physi\.  Kl.,  Beitrage  zum  internationalen  geo- 
physikalischen  Jahr,  Heft  2,  Gottingen  Vanden- 
hoeck  8,  Ruprecht,  1958. 


of  intensity  at  the  three  largest  values  of 
L  were  similar,  whereas  those  at  L  =  2.9 
showed  little  similarity  to  the  others. 

For  the  period  October  26  to  December  9, 
1959,  the  counting  rates  at  L  —  4.1  were 
compared  with  values  of  U  and  of  AP,  the 
linear  measure  of  magnetic  activity  (from 
KP).  During  this  period  the  higher  count- 
ing rates  at  L  =  4.1  occurred  when  AP  and 
U  were  small,  that  is,  during  magnetically 
quiet  periods.  The  decrease  in  counting 
rate  during  the  magnetic  storms  of  Novem- 
ber 23  and  28  and  December  6,  and  its 
recovery  during  the  postperturbation  pe- 
riod of  the  storms,  were  similar  to  those 
in  U  and  AP.  From  the  data  for  this  brief 
period  it  is  quite  impossible  to  determine 
whether  the  counting  rates  are  more  closely 
related  to  U  or  to  AP;  in  fact,  data  from 
a  much  longer  interval  are  required  to 
determine  whether  in  the  long  run  the 
counting  rates  are  generally  correlated  with 
either  U  or  AP. 

It  is  hoped  to  continue  the  investigation 
as  soon  as  the  computations  of  L  values 
are  completed,  which  requires  the  digital 
computer  used  for  this  purpose  at  the 
State  University  of  Iowa.  In  addition  to 
large  changes  in  counting  rate  during  mag- 
netic storms  there  are  superimposed  large 
systematic  changes  related  to  the  altitude 
at  which  the  satellite  passes  through  the 
radiation  belt.  This  altitude  varies  period- 
ically with  a  period  of  about  106  days. 
To  determine  empirically  the  altitude  cor- 
rection with  any  degree  of  certainty  will 
require  analysis  of  all  the  available  data 
(about  18  months).  The  altitude  effect  is 
probably  due  to  variations  in  the  earth's 
total  field  with  altitude  and  the  consequent 
distribution  of  mirror  points,  on  which 
depends  the  intensity  of  the  trapped 
radiation. 

For  the  period  October  26  to  Decem- 
ber 9,  1959,  the  maximum  counting  rate 
for  each  transit  through  the  belt  was  aver- 
aged for  all  the  useful  transits  within  each 
day  (from  none  to  seven,  depending  on 
signal  reception).  Successive  transits  north- 
ward or  southward  occurred  about  an  hour 
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apart.  The  correlation  between  these  daily 
averages  of  maxima  and  U  or  AP  was  about 
the  same  as  had  been  found  between  the 
counting  rate  at  L  =  4.1  (averaged  for  all 
available  passes  within  each  day).  This 
indicated  that  such  daily  averages  of  maxi- 
mum counting  rates  might  be  used  instead 
of  counting  rates  at  particular  values  of 
L  —  3.5  for  examining  the  correlation  with 
U  or  AP  for  the  period  after  December  9, 
1959,  for  which  L  values  had  not  yet  been 
calculated  on  the  State  University  of  Iowa 
digital  computer.  Such  daily  averages  of 
maximum  counting  rates  were  therefore 
derived  for  the  period  January  to  July  1960. 
In  April  and  May,  in  particular,  there 
were  no  correspondences  between  these 
averages  and  U  or  AP.  Rough  calculations 
of  L  for  this  period  showed  that  many  of 
the  maxima  occurred  at  L  <  3.0.  The 
detailed  study  for  October  26  to  Decem- 
ber 9,  1959,  had  shown  that  for  L  =  2.9  the 
counting  rates  were  not  correlated  with 
U  or  AP  although  for  L  —  3.5  a  close  corre- 
spondence was  indicated.  Thus  a  satis- 
factory completion  of  the  study  requires 
the  availability  of  adequate  values  of  L 
which  are  now  being  computed  at  the 
State  University  of  Iowa.  The  counters 
used  in  Explorer  VII  are  probably  respond- 
ing to  bremsstrahlung  generated  by  elec- 
trons in  the  energy  range  from  a  few  tens 
to  a  few  hundreds  of  electron  volts.  Al- 
though counters  with  a  lower  energy 
threshold  may  in  future  show  additional 
contributions  to  the  outer  part  of  the  outer 
Van  Allen  belt,  a  completion  of  the  analysis 
of  the  existing  long  series  of  data  from 
Explorer  VII  should  contribute  to  a  better 
understanding  of  the  mechanisms  responsi- 
ble for  auroras  and  the  equatorial  ring 
current  as  well  as  to  a  better  knowledge 
of  the  causes  of  intensity  fluctuations 
within  the  belt. 

Equatorial  Electrojet 

Publication  of  results.  Equatorial  Elec- 
trojet in  Peru  (Carnegie  Institution  of 
Washington  Publication  620,  Washington, 


D.  C,  1961)  is  a  complete  report  of  the  re- 
sults of  an  investigation  carried  out  under 
the  auspices  of  the  United  States  program 
for  the  International  Geophysical  Year 
(IGY)  with  funds  granted  by  the  IGY 
Panel  on  Geomagnetism  and  completed 
under  the  aegis  of  the  International  Co- 
operation Year  (IGC) .  A  partial  summary 
appeared  in  Year  Book  59.  Carnegie  Insti- 
tution of  Washington  Publication  620,  in 
addition  to  a  description  of  the  results,  con- 
tains complete  tables  of  all  the  data  from 
which  they  were  obtained,  since  such  data 
may  serve  others  for  related  investigations. 
Copies  of  all  magnetograms  obtained  and 
of  all  tabulations  were  furnished  to  the 
IGY  World  Data  Center  A,  in  Washing- 
ton, D.  C. 

Cosmic-Ray  Investigations 

Monthly  means  of  cosmic-ray  intensity 
at  Huancayo  and  at  Cheltenham  (or  Fred- 
ericksburg) were  compared  for  the  period 
January  1956  to  December  1960  after  the 
latter  values  were  corrected  to  a  constant 
height  of  the  100-millibar  pressure  level 
obtained  from  daily  radiosonde  balloon  ob- 
servations by  the  U.  S.  Weather  Bureau  for 
the  Washington  area.  At  Huancayo,  the 
changes  in  height  of  the  100-millibar  level 
are  too  small  to  afreet  the  measured  cosmic- 
ray  intensity  appreciably.  The  comparison 
indicates  that  the  apparent  cosmic-ray  in- 
tensity at  Fredericksburg,  measured  in  the 
same  meter  as  at  Cheltenham,  is  about  0.4 
per  cent  greater  than  at  Cheltenham. 

To  prevent  loss  of  record  at  Huancayo 
from  decreases  of  cosmic-ray  intensity  dur- 
ing magnetic  storms  the  position  of  the 
uranium  rod,  which  determines  the  base 
from  which  changes  in  ionization  are  meas- 
ured, was  altered  on  October  1  and  2,  1957. 
The  comparison  indicates  that  the  correc- 
tion that  had  been  applied  in  making  the 
tabulations  for  Huancayo  {Researches  of 
the  Department  of  Terrestrial  Magnetism, 
volume  XXI,  Carnegie  Institution  of 
Washington  Publication  175,  Washington, 
D.  C,  1961)   requires  alteration.    Conse- 
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quently,  to  these  published  values  for 
Huancayo,  1.0  per  cent  should  be  added  on 
and  after  October  3,  1957;  for  Fredericks- 
burg, 0.4  per  cent  should  be  subtracted  on 
and  after  October  5, 1956. 

Observational  program.  Compton-Ben- 
nett  meters  were  operated  satisfactorily 
throughout  the  report  year  at  Huancayo 
(Peru)  and  at  Fredericksburg  (Virginia, 
United  States).  At  Fredericksburg,  the 
provision  of  the  recording  Lindemann  elec- 
trometer plate  voltage  by  batteries  was  re- 
placed by  a  well  regulated  direct-current 
power  supply  fed  by  the  alternating-current 
power  line  supply.  With  the  quite  con- 
stant electrometer  voltage  thus  provided, 
the  scale  value  for  the  records  is  kept  con- 
stant over  long  periods  of  time,  which  facil- 
itates the  reduction.  The  scaling  and  re- 
duction of  records  have  been  maintained 
currently  for  Fredericksburg  and  Huan- 
cayo. 

Cooperation  in  operation  of  the  cosmic- 
ray  meters.  Grateful  appreciation  is  ex- 
pressed to  the  U.  S.  Coast  and  Geodetic 
Survey  and  the  staff  of  its  magnetic  observ- 
atory at  Fredericksburg,  Virginia,  for  effi- 
cient operation  of  the  meters  during  the 
past  report  year,  and  to  the  Government  of 
Peru  and  the  Director  and  staff  of  the  Insti- 
tute Geofisico  de  Huancayo  for  making 
cosmic-ray  records  from  Huancayo  avail- 
able. 

Publication  of  cosmic-ray  results.  Vol- 
ume XXI  of  the  Researches  of  the  Depart- 
ment of  Terrestrial  Magnetism,  Carnegie 
Institution  of  Washington,  Publication  175, 
1961,  contains  tables  of  pressure-corrected 
bihourly  values  of  cosmic-ray  ionization: 
for  Huancayo,  Peru,  January  1956  to  De- 
cember 1959;  for  Cheltenham,  Maryland, 
January  1956  to  October  4,  1956;  for  Fred- 
ericksburg, Virginia,  October  5,  1956,  to 


December  1959;  for  Christchurch,  New 
Zealand,  January  1956  to  June  1959;  for 
Godhavn,  Greenland,  January  1954  to  July 
1959;  and  for  Universidad  Nacional  de 
Mexico,  July  1957  to  December  1958. 

Lectures  on  Geophysics  and  Statistics 

In  seminars  at  the  Physics  Department  of 
the  State  University  of  Iowa  (Iowa  City)  a 
course  of  lectures  was  presented  on  geo- 
magnetism and  statistical  geophysics.  Par- 
ticular emphasis  was  given  to  those  geomag- 
netic variations  for  which  the  mechanisms 
responsible  are  not  established  and  for  the 
better  understanding  of  which  valuable  in- 
formation might  come  from  observations 
on  the  variations  of  the  intensity  of  the 
charged  particles  trapped  in  the  outer  Van 
Allen  belt. 

Lectures  were  also  given  on  the  equa- 
torial electrojet  in  Peru  at  the  State  Uni- 
versity of  Iowa,  the  Bartol  Foundation,  the 
Royal  Institute  of  Technology  (Stock- 
holm), and  Uppsala  University. 

Charles  Chree  Award.  On  October  4, 
1960,  the  Council  of  the  Institute  of  Physics 
and  the  Physical  Society  (London) 
awarded  Mr.  Forbush  the  eleventh  Charles 
Chree  Medal  and  Prize  "in  recognition  for 
distinguished  work  in  cosmic  radiation." 
The  medal  and  prize  are  "awarded  for  dis- 
tinguished research  in  terrestrial  magnet- 
ism, atmospheric  electricity  and  related  sub- 
jects, branches  of  knowledge  in  which 
Charles  Chree,  Sc.D.,  F.R.S.,  Past  President 
of  the  Physical  Society,  was  especially  inter- 
ested." The  award  was  made  at  a  special 
meeting  on  May  3,  1961,  at  the  Physics  De- 
partment of  the  Imperial  College  of  Science 
and  Technology,  University  of  London,  at 
which  time  a  lecture  on  the  equatorial 
electrojet  in  Peru  was  given. 
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NUCLEAR  PHYSICS 
N.  P.  Heydenburg  and  G.  M.  Temmer 

Heydenburg  and  Temmer  have  contin- 
ued their  participation  in  the  activities  of 
the  Physics  Department  at  Florida  State 
University  during  the  1960-1961  period. 
These  activities  have  included  the  teaching 
of  several  physics  courses,  serving  on  gradu- 
ate student  dissertation  committees,  and  re- 
search in  nuclear  physics  utilizing  the  tan- 
dem accelerator.  Temmer  has  been  in 
charge  of  the  tandem  accelerator  program. 

The  nuclear  research  program  at  Florida 
State  University,  centered  around  the  tan- 
dem Van  de  GraafT  accelerator,  has  ex- 
panded rapidly  during  this  first  year.  There 
are  now  five  groups  in  the  Physics  Depart- 
ment using  the  accelerator,  each  group 
being  composed  of  faculty  members,  re- 
search associates,  and  graduate  students. 
The  accelerator  has  proved  to  be  a  very 
reliable  precision  tool  for  nuclear  research. 
It  is  now  in  almost  continuous  operation 
around  the  clock,  seven  days  a  week.  Ad- 
ditional beam  tubes  have  been  installed  in 
the  target  room,  there  now  being  a  total  of 
five  positions.  This  has  reduced  the  time 
required  for  setting  up  equipment  for 
observations,  since  several  experimental 
arrangements  can  be  left  in  place  for  ex- 
tended periods  of  time. 

An  important  contribution  was  made  for 
the  further  utilization  of  the  tandem  by 
the  finding  of  an  alpha-particle  beam  when 
helium  was  mixed  with  hydrogen  in  the 
ion  source.  There  is  a  sufficient  yield  of 
negative  helium  ions  to  give  a  helium  beam 
of  about  10-8  ampere.  This  beam  has  an 
energy  in  million  electron  volts  of  three 
times  the  terminal  voltage  of  the  machine. 
The  helium  ions  are  accelerated  to  the 
terminal  as  negative  ions,  and  are  further 
accelerated  from  terminal  to  ground  as 
doubly  ionized  helium,  after  having  passed 
through  the  electron  stripper  canal  in  the 
terminal.  This  has  made  alpha  particles  of 
energies  from  5  to  19.6  Mev  available  for 
experiments. 


A  variety  of  detection  equipment  is  now 
available  for  experimental  work  associated 
with  the  tandem.  One  of  the  two  broad- 
range  magnetic  spectrographs  for  charged- 
particle  analysis  has  been  put  into  opera- 
tion. Several  scattering  chambers  are  in 
use,  including  the  one  on  loan  from  the  De- 
partment of  Terrestrial  Magnetism,  which 
has  proved  to  be  very  versatile.  A  three- 
crystal  pair  spectrometer  is  being  used  for 
measuring  high-energy  gamma  rays.  Con- 
siderable experience  has  been  gained  in  the 
use  of  solid-state  junction  counters  for 
charged-particle  detection.  The  resolution 
of  these  counters  is  phenomenal.  They  have 
been  particularly  valuable  in  the  study  of 
alpha-particle  groups  in  (p,  a) -type  reac- 
tions. An  example  of  the  resolution  of  these 
detectors  is  shown  in  the  pulse-height  spec- 
tra of  the  reaction  A\27(p,  a)Mg24  (fig.  18) . 
The  peaks  marked  2  and  3  correspond  to 
alpha  particles  of  about  6  Mev,  separated  by 
120  kev.  These  counters  can  be  used  in 
angular  distribution  studies  where  formerly 
magnetic  spectrographs  were  necessary  for 
the  resolution  of  particle  groups.  They 
have  completely  replaced  the  scintillation 
counter  for  charged  particles. 

Various  experimental  investigations  are 
in  progress.  One  group  has  been  studying 
neutron  thresholds  for  both  proton  and 
alpha-particle  bombardment.  A  number  of 
new  reaction  thresholds  have  been  ob- 
served. A  rather  detailed  set  of  observa- 
tions has  been  made  on  the  Li6 (a,  n)B9 
and  the  Li7 (a,  n)B10  reactions.  Another 
group  has  been  studying  the  elastic  and 
inelastic  scattering  of  alpha  particles  on  C12 
and  O16.  These  observations  include  exci- 
tation curves  over  a  range  of  alpha-particle 
energies  from  10  to  19  Mev  and  angular 
distributions  of  the  scattered  alpha 
particles. 

We  have  made  use  of  the  DTM  scatter- 
ing chamber  for  yield  and  angular  distri- 
bution curves  of  (p,  a) -type  reactions.  Our 
early  measurements  constituted  a  survey  of 
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these  reactions  for  a  number  of  nuclei  up 
through  germanium.  Generally,  ten  or 
more  alpha-particle  groups  could  be  seen 
for  a  given  target.  Some  systematic  trends 
are  becoming  apparent  in  the  relative  in- 
tensities of  transitions  to  the  ground  states 
and  excited  states  of  even-even  residual 
nuclei  and  also  in  the  relative  populations 
of  odd  residual  states.  The  effect  of  the 
Coulomb  barrier  is  clearly  apparent  in  the 
inhibition  of  lower-energy  alpha  emission. 
A  more  detailed  study  of  yield  and  angular 


sponding  to  a  level  in  Be8  at  19.9  Mev.  A 
spin  ]  —  2  was  assigned  to  this  level  on  the 
basis  of  the  angular  distribution  results. 
We  have  now  extended  the  excitation  curve 
for  this  reaction  from  3.5  Mev  to  12  Mev 
(fig.  19).  A  second  resonance  occurs  at 
5.6  Mev  with  a  half-width  of  about  600  kev. 
This  corresponds  to  a  level  in  Be8  at  22.2 
Mev.  The  yield  shows  very  little  additional 
structure  up  to  12  Mev.  Angular  distribu- 
tion curves  are  being  taken  to  determine 
the  spin  of  the  22.2-Mev  level  in  Be8.  Evi- 
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Fig.  18.    Pulse  height  spectra  of  A\27(p,  cc)Mg24. 


distributions  has  been  made  on  Al27,  Na23, 
F19,  Be9,  and  Li7.  For  proton  energies  in 
the  range  8  to  12  Mev,  these  curves  show 
evidence  of  resonance  structure  (compound 
nucleus  formation)  for  Al27  and  Na23,  with 
complex  structure  in  both  the  excitation 
curves  and  the  angular  distributions.  For 
F19,  however,  the  angular  distributions  of 
several  groups  show  the  characteristic 
shapes  that  are  predicted  from  direct 
reaction  theory. 

The  yield  and  angular  distribution  of  the 
alpha  particles  from  the  Li7(/?,  a)  a  reac- 
tion were  investigated  at  DTM  in  1947  up 
to  a  proton  energy  of  3.5  Mev;  a  broad 
resonance  was  observed  at  3.0  Mev,  corre- 


dence  for  the  22.2-Mev  level  was  seen  from 
our  1947  results  on  the  Li6(d,  a)  a  reaction; 
the  true  resonance  position  was  not  ob- 
tained, however,  since  only  energies  above 
22.28-Mev  excitation  in  Be8  can  be  investi- 
gated with  this  reaction. 

We  have  also  investigated  the  C12(/?, 
/?'y)C12  reaction,  in  which  the  4.43-Mev 
level  in  C12  is  excited,  by  observing  the 
yield  and  angular  distribution  of  the  4.43- 
Mev  gamma  rays  produced  in  the  de-exci- 
tation of  the  first  excited  state  of  C12.  At 
least  eight  resonances  were  observed  in  the 
yield  curve  over  the  proton  energy  range 
from  5  to  12  Mev.  These  data  have  been 
analyzed  by  Dr.  M.  Nomoto,  a  visitor  from 
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Japan.  Some  of  the  angular  distributions 
can  be  analyzed  in  terms  of  compound 
nucleus  formation;  others  at  higher  ener- 
gies are  well  fitted  by  a  direct  nucleon- 
nucleon  surface  interaction  picture. 


ments  were  made  with  Professor  P.  Huber 
about  a  year  ago  for  a  cooperative  endeavor 
between  the  Basel  group  and  the  DTM 
group  to  test  an  improved  version  of  their 
source  in  the  large  DTM  generator.  This 
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Polarized  Ion  Source  Development 

Tests  on  the  Yale  atomically  polarized 
ion  source  have  been  completed,  using  deu- 
terium in  the  source.  The  polarization  of 
the  deuteron  beam  was  determined  by  ob- 
servations on  the  angular  distribution  of 
neutrons  from  the  T(d,  a) He4  reaction 
for  deuteron  energies  near  the  resonance  at 
107  kev.  The  intensity  of  the  completely 
polarized  (transverse  to  the  direction  of 
motion)  beam  was  about  2  X  10-11  ampere 
with  an  unpolarized  background  beam 
(due  to  the  presence  of  molecular  deute- 
rium in  the  ionizing  region)  of  2  X  10~10 
ampere.  These  currents  were  considered 
much  too  low  to  justify  installing  this 
source  in  the  DTM  Van  de  Graafif  genera- 
tor, as  had  been  planned  at  the  early  stages 
of  this  development. 

The  first  successful  test  of  a  polarized 
deuteron  beam  was  made  by  L.  Brown 
et  al.12  at  the  University  of  Basel.  Arrange- 


appeared  to  be  feasible  since  they  had  re- 
ported beam  currents  of  about  10"8  ampere 
from  their  apparatus.  The  design,  con- 
struction, and  testing  of  the  source  are 
being  done  at  Basel.  It  has  been  arranged 
for  L.  Brown  and  H.  Rudin  of  the  Basel 
group  to  spend  the  coming  year  at  the  De- 
partment to  install  the  source  in  the  DTM 
machine.  If  all  goes  well,  the  polarized 
deuteron  beam  will  then  be  used  for  nu- 
clear reaction  studies. 

Cyclotron  Development 

Mr.  Buynitzky  has  continued  almost 
single-handed  with  the  remodeling  of  the 
DTM  cyclotron.  A  new  set  of  dees  and  a 
new  beam  deflector  system  have  been  com- 
pleted, and  the  cyclotron  is  now  essentially 
ready  for  testing. 

12  E.  Baumgartner,  L.  Brown,  P.  Huber,  H. 
Rudin,  and  H.  Striebel,  Phys.  Rev.  Letters,  5, 
154,  1960. 
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BIOPHYSICS 

/.  A.  Boezi,13  E.  T.  Bolton,1*  R.  J,  Britten,  D,  B. 

Cowie,  B.  f.  McCarthy,  /.  E.  Midgley,15 

and  R.  B.  Roberts 

Introduction 

The  biosynthesis  of  a  macromolecule  re- 
quires energy,  material,  and  information. 
The  flow  of  energy  is  most  frequently 
taken  for  granted,  and  studies  of  the  proc- 
ess are  directed  toward  either  the  flow  of 
material  or  the  flow  of  information.  De- 
pending on  which  aspect  is  under  scrutiny, 
the  techniques,  materials,  and  even  the 
terminology  differ  widely.  In  dealing  with 
the  flow  of  material,  the  assembly  of  amino 
acid  or  nucleotide  precursors  into  proteins, 
nucleic  acid,  or  nucleoprotein  is  measured. 
The  problem  is  to  determine  the  influence 
of  one  cellular  component  on  the  synthesis 
of  another.  In  observing  the  flow  of  infor- 
mation, the  function  of  the  molecules  and 
usually  not  the  molecules  themselves  is  ob- 
served. Consequently  the  terminology  dif- 
fers, and  genes,  enzyme-forming  systems, 
and  enzymes  are  discussed  in  place  of  de- 
oxyribonucleic acid,  ribosomes,  and  pro- 
teins. 

A  problem  arises  in  attempting  to  corre- 
late these  efforts.  Owing  to  the  difficulty 
of  separating  the  macromolecules,  measure- 
ments of  material  flow  frequently  show 
only  the  average  flow  of  material  into 
DNA,  ribosomes,  or  protein;  often  the  in- 
dividual distinct  types  are  not  distin- 
guished. Also,  there  is  no  immediate  dif- 
ference whether  the  precursors  are  assem- 
bled in  proper  order  to  form  a  functional 
molecule  or  whether  mistakes  are  made 
and  the  same  quantity  of  material  is  as- 
sembled into  nonfunctional  units. 

During  the  year  the  Biophysics  Section 
has  divided  its  efforts  between  these  two 
approaches  in  the  hope  that  correlations 

13  National  Science  Foundation  Fellow. 

14  At  Department  of  Scientific  and  Industrial 
Research,  Auckland,  New  Zealand,  since  October 
1960. 

15  Carnegie  Institution  Fellow. 


would  become  apparent.  One  part  of  this 
effort  has  consisted  in  continuing  the  work 
on  the  synthesis  of  ribosomes,  measuring 
the  time  required  for  material  to  flow 
through  the  precursor  stages  into  the  fin- 
ished ribosomes.  Two  distinct  stages  in 
the  process  are  clearly  discernible,  and 
since  particles  in  these  stages  have  quite  dis- 
tinct properties  they  have  been  designated 
"eosomes"  and  "neosomes."  Newly  incor- 
porated material  destined  to  become  ribo- 
somes appears  first  in  the  eosomes,  then  in 
the  neosomes,  and  only  subsequently  in  the 
ribosomes. 

A  second  approach  has  been  a  study  of 
the  process  of  enzyme  induction  to  meas- 
ure the  time  required  for  the  formation  and 
loss  of  enzyme-forming  systems.  The 
short  time  needed  for  this  process  seems  to 
show  that  enzyme-forming  units  can  be 
made  in  less  than  the  average  time  required 
for  the  completion  of  ribosomes.  The  life- 
time of  the  enzyme-forming  unit  does, 
however,  correspond  closely  to  the  lifetime 
of  the  eosome. 

It  seems  quite  possible  that  the  enzyme- 
forming  unit  may  consist  of  newly  formed 
eosome  associated  with  a  previously  formed 
ribosome. 

Additional  data  bearing  both  on  ribo- 
some synthesis  and  on  the  mechanism  of  in- 
formation transfer  has  come  from  studies 
of  the  composition  of  RNA. 

The  details  of  this  work,  together  with 
the  conclusions  that  can  now  be  drawn,  are 
given  below. 

Synthesis  of  Ribosomes 

A  major  part  of  the  year's  work  was  de- 
voted to  a  quantitative  study  of  the  flow  of 
precursor  material  into  ribosomes.  Three 
major  improvements  were  introduced:  the 
use  of  C14-uracil,  sedimentation  analysis  at 
low  concentration  of  magnesium,  and 
much-improved  resolution.  The  use  of 
these  techniques  to  observe  the  synthesis 
of  the  RNA  and  protein  of  ribosomes  is 
described  in  the  following  sections. 
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The  Incorporation  of  Cx*-Uracil  into  the 
Metabolic  Pool  and  RNA 

As  a  necessary  part  of  the  quantitative 
measurements  of  the  time  course  of  in- 
corporation of  C14-uracil  into  ribosomal 
RNA,  reported  below,  a  study  of  the  role 
of  the  metabolic  pool  has  been  carried  out. 
The  system  has  some  novel  features;  for 
example,  a  large  fraction  of  the  C14-uracil 
is  directly  incorporated  into  RNA  without 
measurable  delay  while  the  remainder  is 

CD 
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After  40  seconds,  when  the  C14-uracil  is 
completely  removed  from  the  medium,  the 
rate  of  incorporation  into  RNA  suddenly 
falls  by  a  factor  of  about  5.  During  this 
second  phase  the  rate  of  incorporation  of 
uracil  label  falls  slowly. 

A  semilog  plot  of  the  radioactivity  of  the 
pool  as  a  function  of  time  during  this  sec- 
ond phase  shows  an  exponential  decay  with 
a  time  constant  (decay  to  l/e)  of  about  9.0 
minutes. 
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Fig.  20.  Incorporation  of  C14-uracil  into  the  metabolic  pool  and  the  RNA  of  E.  coli.  The  differ- 
ence between  the  two  curves  is  the  radioactivity  in  the  metabolic  pool.  Initial  uracil  concentration 
was  10~7  M. 


equilibrated  with  a  rather  large  pool  of 
phosphorylated  compounds. 

These  observations  not  only  are  of  in- 
terest with  regard  to  the  way  exogenous 
uracil  is  handled  by  the  cell  but  also  have 
significant  implications  for  studies  of  meta- 
bolic pools  in  general.  Therefore,  they  are 
described  separately,  and  their  implications 
for  the  mechanisms  of  pool  formation  and 
maintenance  are  discussed. 

Major  features  of  C14 [ -uracil  incorpora- 
tion. The  results  of  an  experiment  in  which 
10-7  M  C14-uracil  was  supplied  to  cells  are 
shown  in  figure  20.  The  uracil  is  almost 
completely  removed  from  the  medium 
within  40  seconds.  During  this  period 
2-C14-uracil  enters  the  RNA  at  a  rate  cor- 
responding to  about  one-third  of  the  total 
rate  of  uptake  by  the  cells. 


Figure  21  shows  the  qualitatively  similar 
results  of  an  experiment  at  10~6  M.  The 
same  two  phases  in  the  incorporation  into 
RNA  are  observed.  In  this  experiment, 
however,  the  first  phase,  during  which  the 
C14-uracil  is  still  present  in  the  medium, 
lasts  for  2  to  3  minutes.  The  transition  to 
the  second  phase  is  not  quite  so  abrupt,  but 
again  an  exponential  decay  of  the  pool 
radioactivity  with  a  time  constant  of  about 
10  minutes  is  observed. 

The  basic  properties  of  this  system  be- 
come clear  when  experiments  at  higher 
concentrations  are  examined.  Figure  22 
shows  the  incorporation  of  2-C14-uracil  into 
RNA  at  5  X  10"5  M  and  lO"3  M.  In  these 
experiments  the  amount  taken  up  into  the 
pool  is  such  a  small  fraction  of  the  total 
uracil  present  that  its  determination  by  the 
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Fig.  21.  Incorporation  of  C14-uracil  into  the  metabolic  pool  and  RNA  of  E.  coli  ML  30  at  37° C. 
Initial  uracil  concentration,  10-6  M.  Cell  concentration,  0.59  mg  (wet)  per  ml.  Open  circles,  total 
incorporation;  solid  circles,  incorporation  into  RNA. 


difference  between  total  and  RNA  is  sub- 
ject to  great  uncertainty,  and  the  data  are 
not  presented.  The  incorporation  into 
RNA  supplies  the  necessary  information, 
however.   Two  phases  in  the  curves  are 
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Fig.  22.  Incorporation  of  C14-uracil  into  the 
RNA  of  E.  coli  ML  30  at  37°C.  Solid  circles, 
initial  concentration  10~3  M;  open  circles,  initial 
concentration  5  X  10~5  M.  The  ordinate  scales 
for  the  two  curves  are  not  related.  The  abscissa 
scale  is  proportional  to  increase  in  cell  mass,  with 
sample  times  indicated. 


again  observed,  but  here  the  rate  of  in- 
corporation into  RNA  at  later  times  is  just 
greater  than  twice  the  initial  rate. 

A  simple  interpretation  of  these  experi- 
ments is: 

Endogenous 

synthesis 

i 

Exogenous  uracil  -*  P  ->  Incorporation  into 

It  RNA 

S 

This  schematic  diagram  is  presented  here 
to  define  the  symbols  P  and  S  in  order  to 
simplify  the  language  used  in  later  sections. 
P  represents  a  very  small  pool  or  sequence 
of  reaction  steps  leading  from  uracil  to  a 
chemical  form  suitable  for  incorporation 
into  RNA.  S  represents  a  large  pool  of 
compounds  which  can  exchange  with  some 
uracil  compound  in  P.  The  rate  of  ex- 
change between  S  and  P  is  not  fast,  and 
equilibrium  between  the  specific  radio- 
activity of  P  and  S  requires  several  minutes, 
at  least.  P  then  effectively  forms  a  by-pass, 
around  the  large  pool,  for  the  entry  of 
exogenous  uracil  into  RNA. 

Lac\  of  expansion  of  the  pools.  The 
question  must  be  raised  whether  the 
amounts  of  compounds  in  the  states  repre- 
sented by  S  and  P  are  dependent  on  the 
concentration  of  exogenous  uracil;  that  is, 
are  these  two  pools  expandable  ?  The  ques- 
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tion  is  answered  by  an  experiment  (fig.  23) 
in  which  C12-uracil  (4  X  10~5  M)  was  sup- 
plied  to  the  cells  for  10  minutes  before  the 
C14-uracil  was  added.  An  identical  curve 
within  very  small  limits  of  error  (<5  per 
cent)  was  obtained  in  a  simultaneously 
carried  out  control  experiment  in  which  an 
identical  quantity  of  C14-uracil  was  added 


since  the  new  material  flowing  in  would  be 
radioactive.  On  the  other  hand,  in  the  ex- 
periment in  which  the  C12-uracil  was  added 
beforehand,  the  specific  radioactivity 
should  rise  more  slowly  since  a  large 
amount  of  unlabeled  uracil  compounds 
would  have  been  present  in  the  pool  at  the 
time  the  C14-uracil  was  supplied.  It  is  evi- 
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Fig.  23.  Incorporation  of  C14-uracil  into  the  RNA  of  E.  coli  ML  30  after  10  minutes'  pretreat- 
ment  with  C12-uracil  at  4  X  10~5  M.  The  upper  figure  presents  the  data  at  early  times  with  ex- 
panded scales.  The  light  solid  and  dashed  curves  represent  the  best  separation  of  the  curve  into  a 
linear  component  and  a  component  delayed  by  the  pool  (S).  Solid  circles  are  experimental  values. 
For  the  open  circles  the  component  delayed  by  S  was  subtracted.  The  abscissa  scale  is  proportional 
to  increase  in  cell  mass,  with  sample  times  indicated. 


with  the  C12-uracil  at  zero  time.  The  con- 
centration (4  X  10~5  M)  is  sufficient  to 
achieve  the  maximum  rate  of  entry  of  ura- 
cil into  the  cells.  Therefore,  if  the  size  of 
the  two  pools  depended  on  the  external 
concentration,  a  significant  difference 
should  appear  between  the  control  and 
the  experiment  in  which  C12-uracil  was 
added  beforehand. 

If  S  were  expanded,  its  specific  radioac- 
tivity should  rise  rapidly  in  the  control, 


dent  that  the  pool  S  was  not  expanded  by 
a  measurable  amount — certainly  not  by 
more  than  a  small  fraction  of  its  previous 
size. 

If  any  appreciable  amount  of  unlabeled 
uracil  compound  exists  in  state  P,  a  delay 
in  the  entry  of  the  radioactivity  from 
exogenous  uracil  into  RNA  should  be 
observed.  There  is  no  evidence  of  such  a 
delay  in  the  experiment  of  figure  23  after 
correction  is  made  for  the  curvature  due  to 
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the  rising  contribution  of  radioactivity  from 
S.  Without  correction  for  this  curvature 
the  data  for  the  first  5  minutes  appear  to 
extrapolate  to  a  delay  time  of  10  seconds. 
The  precision  of  the  data  and  correction  is 
such  that  the  maximum  actual  delay  time 
along  the  route  through  P  must  be  less  than 
5  seconds. 

It  can  be  concluded  that  the  amount  of 
compounds  in  the  states  represented  by  P 
is  so  small  that  it  cannot  be  adequately 
measured  by  these  techniques,  and  that  it 
remains  small  in  the  presence  of  moder- 
ately high  concentrations  of  uracil. 


exhausted  at  the  time  sample  A  was  taken, 
as  shown  in  table  4. 

As  a  control,  a  part  of  each  culture  (B) 
was  incubated  an  additional  15  minutes  so 
that  almost  all  the  radioactivity  that  had 
entered  S  would  be  swept  on  into  RNA. 
The  ratio  of  radioactivity  in  cytidylic  acid 
to  that  in  uridylic  acid  in  the  RNA  is  al- 
most constant  in  these  samples.  The  slight 
increase  is  probably  due  to  the  fact  that  15 
minutes  was  not  quite  long  enough  to 
sweep  all  the  radioactive  compounds  out  of 
S.  This  result  is  to  be  expected  where  there 
is  not  an  induced   (i.e.,  time  increasing) 


TABLE  4.    Conversion  of  Uracil  Compounds  to  Cytosine  Compounds 


Culture  Density, 

Sample  A 

Sample  B 

mg  wet/ml 

Time                       C*/U* 

Time 

c*/u* 

2.8 

16"                          0.075 

15'00" 

0.614 

1.4 

31"                          0.100 

15'30" 

0.618 

0.70 

l'OO"                       0.184 

16'00" 

0.605 

0.35 

2'04"                       0.230 

17'34" 

0.650 

0.175 

4'03"                       0.280 

19'00" 

0.625 

0.087 

8'00"                       0.392 

23'00" 

0.675 

0.044 

16'22"                     0.570 

31'00" 

0.663 

1.1  X  10~7  M  C14-uracil  was  added  to  seven  cultures  at  the  cell  densities  listed  in  column  1.  An 
aliquot  of  the  culture  was  brought  to  5  per  cent  TCA  at  the  time  listed  in  column  2.  TCA  was 
added  to  the  remainder  of  the  culture  at  the  time  listed  in  column  4.  The  ratio  of  radioactivity  of 
cytidylic  acid  and  uridylic  acid  was  determined  after  washing,  alkaline  hydrolysis,  and  chromatography. 


Conversion  of  uracil  to  cytosine.  Previ- 
ous experiments  have  indicated  that  uracil 
is  converted  to  a  great  extent  to  cytosine 
compounds  by  E.  coli.  The  questions  that 
arise  now  are:  What  is  the  rate  of  this 
process,  and  to  what  extent  is  the  second 
phase  in  the  incorporation  into  RNA  in- 
fluenced by  this  conversion  ? 

In  the  first  experiment  to  be  described, 
2-C14-uracil  was  supplied  to  growing  cul- 
tures at  a  concentration  of  1.1  X  10"7  M. 
In  order  to  vary  the  period  of  time  during 
which  incorporation  into  RNA  occurred, 
and  still  achieve  efficient  utilization  of 
tracer  at  early  times,  seven  cultures  were  set 
up  simultaneously  at  different  cell  densities. 
The  cell  densities  were  chosen  so  that  the 
C14-uracil  in  the  medium  would  be  nearly 


rate  of  conversion  of  uracil  to  cytosine,  and 
implies  that  such  an  effect  does  not  occur 
at  this  concentration  of  exogenous  uracil. 

The  results  shown  in  column  3,  table  4, 
indicate  that  uracil  compounds  are  rather 
slowly  converted  to  cytosine  compounds 
and  that  after  conversion  the  labeled  cyto- 
sine compounds  mix  with  a  large  endoge- 
nous pool  of  cytosine  compounds  before 
entering  the  RNA.  The  fact  that  some 
labeled  cytidylic  acid  is  observed  in  the 
RNA  at  the  earliest  time  point  suggests 
that  there  may  be  a  small  by-pass  around 
the  pool  of  cytosine  compounds. 

On  the  basis  of  this  experiment  an  esti- 
mate can  be  made  of  the  kinetics  of  appear- 
ance of  radioactivity  separately  in  uridylic 
acid  and  cytidylic  acid  of  the  RNA.  In  the 
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experiment  at  nearly  the  same  concentra- 
tion shown  in  figure  20,  40  per  cent  of  the 
radioactivity  was  incorporated  during  the 
first  phase.  At  the  end  of  the  first  phase 
(at  40  seconds)  the  C#/U*  ratio  would  be 
about  0.15,  and  at  the  end  of  the  second 
phase  about  0.66.  Taking  the  total  radio- 
activity incorporated  into  RNA  as  100  per 
cent,  we  may  then  say :  Of  the  40  per  cent 
incorporated  in  the  first  phase,  35  per  cent 
appeared  in  uridylic  acid  and  5  per  cent  in 
cytidylic;  of  the  60  per  cent  incorporated  in 
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cytidylic  to  the  uridylic  acids  of  the  RNA  is 
higher  throughout  the  time  course  of  this 
experiment  than  it  was  in  the  experiment 
at  1.1  X  10"7  M.  Thus  there  is  apparently 
a  dependence  of  the  conversion  rate  on  the 
external  concentration  of  uracil.  This  is  not 
inconsistent  with  the  lack  of  expansion  of 
the  pools.  If  the  pools  are  in  fact  organized 
in  the  cell  or  under  tight  internal  control,  a 
considerable  shift  in  chemical  equilibria 
could  occur  without  a  measurable  change 
in  pool  size. 

From  the  data  on  figures  23  and  24  the 
rates  of  incorporation  of  radioactivity  from 
uracil  into  the  uridylic  and  cytidylic  acids 
of  the  RNA  can  be  calculated  during  the 
two  phases.  The  results  are  given  in  arbi- 
trary units  in  table  5.  From  these  data  it 

TABLE  5.  Relative  Rates  of  Entry  of  C14-Uracil 
into  the  Cytidylic  and  Uridylic  Acids  of  the  RNA 

Uracil  concentration  2  X  10"5  M 
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First  Phase, 
0-2  min 


Second  Phase, 
20-40  min 


Time  in  minutes 


Fig.  24.  The  ratio  of  the  radioactivity  of  cyti- 
dylic acid  to  that  of  uridylic  acid  derived  from 
the  RNA  of  growing  cells  supplied  2  X  10~5  M 
C14-uracil  at  zero  time.  Determined  from  chro- 
matography after  alkaline  hydrolysis  of  samples 
taken  into  5  per  cent  TCA. 

the  second  phase  25  per  cent  appeared  in 
uridylic  and  35  per  cent  in  cytidylic. 

On  figure  24  are  shown  the  results  of  an 
experiment  in  which  2  X  10"5  M  C14-uracil 
was  supplied  to  a  growing  culture  of  cells. 
Small  samples  were  added  to  an  equal  vol- 
ume of  10  per  cent  TCA,  filtered,  and  as- 
sayed for  radioactivity  in  order  to  measure 
the  total  incorporation.  At  several  times, 
larger  samples  were  precipitated  with 
TCA,  and  the  ratio  of  the  radioactivity  of 
the  cytidylic  and  uridylic  acids  of  the  RNA 
was  determined.  The  shape  of  the  total  in- 
corporation curve  was  essentially  identical 
to  the  shapes  shown  in  figures  22  and  23 
and  therefore  is  not  reproduced. 

The   ratio   of   the   radioactivity   of  the 
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appears  that  there  is  an  increase  in  the  rate 
of  incorporation  into  uridylic  acid  in  the 
second  phase.  Moreover,  both  experiments 
show  that  it  is  not  purely  the  conversion  of 
uracil  compounds  to  cytosine  compounds 
and  delay  by  the  pool  of  cytosine  com- 
pounds that  give  rise  to  the  second  phase  in 
the  incorporation  curves.  This  result  is  con- 
sistent with  the  existence  of  pools  of  UDP 
and  UTP  as  well  as  CDP  and  CTP.  It  also 
appears  that  there  is  some  rapid  conversion 
of  uracil  compounds  to  cytosine  com- 
pounds, since  the  C#/U#  ratio  is  already 
about  0.3  in  the  earliest  point  on  figure  24. 
Therefore,  when  C14-uracil  is  supplied,  ura- 
cil and  cytosine  compounds  become  labeled 
both  in  state  P  and  in  state  S,  and  conver- 
sion of  uracil  to  cytosine  may  occur  in  both 
states. 
A  "chase"  experiment.  The  word  "chase" 
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is  used  to  represent  a  situation  in  which  a 
labeled  metabolite  is  present  for  a  short 
period  of  incorporation  and  then  is  fol- 
lowed by  the  incorporation  of  unlabeled 
metabolite. 

Figure  25  is  an  example  of  such  an  ex- 
periment. The  cell  density  (1.7  mg  wet/ml) 
is  at  the  upper  safe  limit  for  steady  expo- 
nential growth  with  good  aeration  for  these 
cells.  The  initial  C14-uracil  concentration 
(10~7  M)  was  the  same  as  that  of  the  ex- 
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Fig.  25.  Incorporation  of  C14-uracil  into  RNA 
in  a  chase  experiment.  10~7  M  C14-uracil  was 
added  initially.  At  15  seconds,  10-5  M  C12-uracil 
was  added.  The  lower  curve  is  identical  to  the 
upper  curve  but  with  an  expanded  time  scale. 

periment  of  figure  20.  At  this  cell  density, 
therefore,  the  first  phase  would  be  expected 
to  last  for  about  25  seconds  without  a  chase. 
The  ratio  of  rates  of  incorporation  of  radio- 
activity into  RNA  before  and  after  the 
chase  was  about  30  to  1. 

The  rate  of  incorporation  after  the  chase 
is  due  to  the  quantity  of  radioactive  com- 
pound that  has  entered  the  large  pool  S. 
The  specific  activity  of  S  is  only  slowly  re- 
duced by  dilution  after  the  chase.  The  rel- 
ative entry  of  radioactivity  into  S  can  be 


minimized  only  by  reducing  the  period  of 
exposure  to  the  tracer.  Therefore,  with  this 
system  high  ratios  of  the  rate  of  incorpo- 
ration into  RNA  before  and  after  chase  are 
achieved  only  with  such  short  pulse  times. 

So  short  a  period  of  rapid  incorporation 
followed  by  a  sudden  fall  in  the  rate  of  in- 
corporation is  a  favorable  circumstance  for 
the  recognition  of  an  RNA  fraction  that  is 
rapidly  synthesized  and  degraded.  Such  a 
fraction  would  be  expected  to  fall  rapidly 
in  specific  radioactivity  very  shortly  after 
the  chase.  No  fall  in  the  TCA-precipitable 
RNA  radioactivity  is  observed. 

The  pool  of  uracil  compounds.  A  strik- 
ing result  of  these  experiments  is  that  ex- 
ternal uracil  is  incorporated  rapidly  into 
RNA  without  delay  even  though  there  is 
a  large  pool  of  uracil  compounds  which 
can  also  be  incorporated  into  RNA.  The 
implications  of  this  result  are  represented 
in  the  schematic  diagram.  The  symbols  S 
and  P  have  been  defined  previously.  The 
diagram  not  only  suggests  a  possible  mech- 
anism for  the  by-pass  around  the  pool  but 
also  explains  the  detailed  shape  of  the  in- 
corporation curves  at  high  and  low  con- 
centrations. The  specific  radioactivity  of  P, 
and  therefore  the  rate  of  incorporation  of 
radioactivity  into  RNA,  is  the  net  result  of 
the  mixing  of  labeled  uracil  entering  from 
outside  with  unlabeled  uracil  compounds 
internally  synthesized  and  with  uracil  com- 
pounds from  S  which  may  be  more  or  less 
labeled,  depending  on  the  previous  15  min- 
utes' history. 

In  the  experiments  of  figures  20  and  21, 
as  long  as  C14-uracil  enters  the  cell,  radio- 
activity is  incorporated  into  RNA  at  a  rel- 
atively rapid  rate.  According  to  the  dia- 
gram this  is  to  be  expected  as  long  as  ex- 
ogenous uracil  enters  P.  During  this  time 
radioactivity  also  enters  S.  When  the  C14- 
uracil  in  the  medium  is  exhausted  the  rate 
of  incorporation  abruptly  falls  to  a  new 
rate.  Radioactive  uracil  compounds  con- 
tinue to  flow  from  S  to  P  and  thence  into 
RNA.  The  specific  radioactivity  of  these 
compounds  and  thus  the  rate  of  incorpora- 
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tion  of  radioactivity  into  RNA  during  the  of  compounds.  Since  the  time  constant  of  S 

second  phase  will  be  determined  by  the  is  about  10  minutes,  and  the  flow  through 

amount  of  radioactivity  that  has  entered  S  it  just  greater  than  half  of  the  total  flow 

during  the  first  phase.  The  relative  rate  of  into  RNA,  the  total  quantity  of  uracil  and 

incorporation  of  radioactivity  into  RNA  in  cytosine  compounds  can  be  roughly  esti- 

the  second  phase  is  considerably  higher  in  mated  to  be  the  amount  (of  both  classes) 

figure  21  than  in  figure  20.  This  is  simply  that  is  utilized  for  RNA  synthesis  in  5-8 

the   result   of   the   longer   period   during  minutes. 

which  radioactive  uracil  compounds  have  The  best  estimate  of  the  quantity  of  un- 
entered S,  yielding  a  higher  specific  radio-  cil  compounds  in  state  P  comes  from  the 
activity  at  the  end  of  the  first  phase.  chase  experiment  (fig.  25).  The  incorpora- 
During  the  second  phase  the  rate  of  entry  tlon  °f  ^-uracil  into  RNA  neither  starts 

of  radioactivity  slowly  falls.  In  a  number  ef  irely  abruPdy  nor^°Ps  t0.  «**  fcond' 

r           .        t     i                t    c^a: „*.:  ,:«.„  phase  rate  abruptly,    lhe  initial  delay  ap- 

of  experiments,  the  amount  ot  radioactivity  ^              iio       i  ^            i          i 

i           i  j     •       ti               ii         u\J  pears  to  be  between  3  and  6  seconds,  and 

in  the  pool  during  the  second  phase  (the  f,      .                      c      ,     r  „        ,        '      . 

1<rr       r    ,             fe,           .      ,. r     .  ./*  .  the  time  constant  lor  the  rail  to  the  second- 

difference  between  the  total  radioactivity  in  ha§e  ^                tQ  be  ^  ?           d 

the  cell  and  that  in  the  RNA)  was  plotted  The             ^  Qn  the  amount  q£  ^ 

on  semilog  paper.    A  good  straight  line  ounds  in  state  p  is  therefore  about 

always   resulted,   and   the   time   constant  ^  amount  required  £or  5  seconds  rf  ^ 

(decay  to  I/O   varied  between  9  and  12  RNA  synthesis  or  0<1  per  cent  o£  the  total 

minutes.  This  is  consistent  with  the  dia-  umdl  in  the  RNA    This  must  be  consid 

gram,  since  the  specific  radioactivity  of  S  ered  an  upper  Hmit)  since  thefe  may  be 

should  slowly  fall  as  it  is  diluted  by  the  flow  some  delay  in  the  entry  o£  uracil  into  the 

of  internally  synthesized  compounds.  ct\\t 

In  the  experiments  at  higher  concentra-  The  scheme  proposed  here  to  explain  the 

tions  (fig.  22)  the  exogenous  uracil  lasts  observations  of  the  incorporation  of  C14- 

long  enough  for  the  specific  radioactivity  of  uracil  has  striking  similarities  to  the  "car- 

the  uracil  compounds  of  S  to  approach  that  rier  model"  that  has  been  proposed  for  the 

of  the  uracil  supplied.  As  a  result  the  rate  proline  pools  of  E.  coli.  The  experimental 

of  entry  of  radioactivity  into  RNA  slowly  facts  in  the  two  cases  differ  in  almost  every 

rises  to  its  final  value  over  a  period  of  10  to  conceivable  way.  The  proline  pool  existing 

20  minutes.  in  the  absence  of  supplement  is  very  small; 

The  ratio  of  the  rate  of  flow  into  RNA  to  the  maximum  rate  of  uptake  is  10  times  the 
that  into  S  is  about  the  same  in  all  these  requirement  for  protein,  and  the  pool  can 
experiments.  However,  the  absolute  rate  of  be  expanded  to  a  very  large  size.  There  is 
entry  of  uracil  into  the  cell  does  increase  no  evidence  of  a  by-pass  around  the  pool 
with  concentration,  and  reaches  a  satura-  for  entry  of  external  proline  into  protein, 
tion  value  not  far  different  from  the  re-  The  only  similarities  are :  both  compounds 
quirement  for  uracil  plus  cytosine  for  RNA  are  effectively  taken  up  at  low  external  con- 
synthesis.  From  a  number  of  experiments  centrations;  internal  synthesis  is  effectively 
the  concentration  at  which  the  rate  reaches  shut  down  at  moderate  concentrations; 
half  the  saturation  value  appears  to  be  both  compounds  are  incorporated  into 
about   2  X  10~7   M.  macromolecules. 

The  quantity  of  compounds  in  the  state  S  However,    it    appears    that    by    simply 

cannot  be  precisely  evaluated  from  these  changing  the  values  of  a  few  of  the  reac- 

experiments,  owing  to  the  conversion  of  tion  rate  constants  the  predictions  of  the 

uracil  compounds  to  cytosine  compounds  carrier  model  will  be  altered  to  agree  with 

and  to  the  existence  of  pools  of  both  classes  the  observations  presented  on  the  incor- 


DEPARTMENT  OF  TERRESTRIAL  MAGNETISM 


27] 


U  +  E^UE 


UE  +R^UR  +  E 
UE-»RNA  +  E 


poration  of  uracil.    The  reactions  postu- 
lated in  the  carrier  model  are 

(1) 
(2) 
(3) 

UX  +  E-»UE+X  (4) 

U  symbolizes  uracil  compounds,  ignor- 
ing all  the  important  chemical  changes  that 
must  be  carried  out  in  a  set  of  subsidiary 
reactions.  E  is  the  carrier,  which  is  mobile 
within  the  cell  and  specific  for  the  class  of 
uracil  compounds.  R  represents  a  set  of 
specific  storage  sites.  UX  is  the  final  reac- 
tion complex  in  the  internal  synthesis  of 
uracil  compounds.  Uracil  compounds  are 
freed  from  it  only  through  the  reaction 
with  free  carrier,  E.  Thus  reaction  4  sym- 
bolizes the  mechanism  for  control  of  the 
rate  of  internal  synthesis.  The  reduction  of 
the  concentration  of  free  carrier  due  to  re- 
action with  an  excess  of  uracil  will  effec- 
tively shut  down  internal  synthesis. 

UE  is  the  complex  between  the  carrier 
and  uracil  compounds,  and  is  equivalent  to 
P  in  the  schematic  diagram.  UR  is  the  com- 
plex of  uracil  compounds  with  storage  sites 
and  is  equivalent  to  S  in  the  schematic  dia- 
gram. If  the  equilibrium  for  reaction  2  is 
far  to  the  right,  there  will  be  little  free  R  in 
any  circumstance  and  a  constant  nonex- 
pandable  pool  (S)  will  result.  If,  in  addi- 
tion, the  rates  in  reaction  2  are  not  fast,  the 
observed  slow  equilibrium  in  specific  radio- 
activity between  S  (UR)  and  P  (UE)  will 
result.  If  the  dissociation  constant  in  reac- 
tion 1  is  small  the  amount  of  free  E  will 
always  be  small  and  the  rates  in  reaction  2 
will  hardly  depend  on  the  external  uracil 
concentration,  as  observed.  Further,  the 
loss  of  uracil  compounds  will  be  small. 

Reaction  1  represents  the  uptake  of  uracil 
into  the  reaction  system.  It  is  presumed 
that  uracil  can  reach  the  carrier  at  a  suffi- 
cient rate.  Since  the  concentration  of  free 
E  is  probably  small,  it  must  have  a  high 
affinity  for  uracil. 

Qualitatively,  at  least,  reactions  1  to  4  are 


consistent  with  the  observations  of  the  in- 
corporation of  uracil  into  the  cell  and  into 
RNA.  Although  these  reactions  have  been 
derived  from  the  carrier  model,  they  are 
sufficiently  general  so  that  they  may  well  be 
consistent  with  other  models  utilizing  en- 
tirely different  mechanisms.  Their  ability 
to  express  compactly  the  characteristics  of 
two  such  apparently  different  systems  (ura- 
cil and  proline)  is  both  surprising  and  re- 
warding, and  suggests  that  there  is  a  kernel 
of  truth  in  them. 

Absence  of  evidence  for  degradation  of 
RNA.  The  messenger  hypothesis  of  Jacob 
and  Monod  proposes  the  existence  of  a 
small  fraction  of  RNA  which  is  synthe- 
sized, used  as  template  for  protein  synthe- 
sis, and  degraded.  A  rapidly  labeled  frac- 
tion of  the  RNA  of  bacterial  cells  has  been 
observed.  However,  the  rate  of  incorpora- 
tion of  labeled  precursors  into  this  fraction 
is  exactly  what  would  be  expected  if  it  were 
a  compulsory  precursor  to  ribosomal  RNA. 
Hence,  its  rapid  labeling  provides  no  proof 
of  its  degradation.  Evidence  for  degrada- 
tion must  be  obtained  directly. 

The  delay  in  the  labeling  of  ribosomal 
RNA  shows  that  more  than  90  per  cent  of 
the  flow  into  ribosomes  must  pass  through 
this  fraction.  Hence,  if  it  is  not  a  compul- 
sory macromolecular  precursor  to  ribo- 
somal RNA,  the  degradation  products 
must  be  effectively  reutilized.  Conse- 
quently, if  the  synthesis  and  degradation 
can  be  represented  as  an  exchange  with  an 
intermediate  on  the  pathway  for  ribosomal 
RNA  synthesis,  the  rate  of  exchange  must 
be  at  least  10  times  the  flow  to  ribosomal 
RNA.  The  average  lifetime  of  molecules 
in  the  fraction  would  therefore  be  less  than 
15  seconds,  which  seems  too  short  for  tem- 
plate material  in  view  of  the  21/4-minute 
lifetime  of  the  enzyme-forming  unit  for 
(3-galactosidase. 

Further,  if  the  hypothetical  degradation 
products  could  mix  with  the  metabolic  pool 
of  nucleotide  precursors,  a  fall  in  radio- 
activity of  the  RNA  should  be  observed  in 
the  experiment  shown  in  figure  25.  No  fall 
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in  radioactivity  is  observed  after  the  chase, 
although  at  15  seconds  all  the  RNA  radio- 
activity must  be  present  in  the  rapidly 
labeled  fraction.  Clearly,  if  any  significant 
fraction  of  the  degradation  products  en- 
tered S  there  would  be  an  observable  fall  in 
RNA  radioactivity,  since  the  product  of 
specific  radioactivity  and  rate  of  utilization 
of  compounds  from  S  is  measured  by  the 
slow  rate  of  incorporation  into  RNA  after 
the  chase.  Equally,  if  the  degradation  prod- 
ucts entered  P,  a  certain  fraction  (probably 
more  than  half)  would  pass  into  S,  since 
the  kinetic  experiments  require  that  there 
be  a  significant  circulation  between  the 
compounds  of  P  and  S.  In  this  event,  there- 
fore, there  should  also  be  a  fall  in  the  RNA 
radioactivity. 

Thus  these  experiments  show  no  indica- 
tion of  degradation  of  the  rapidly  labeled 
fraction  of  RNA.  Degradation  could  have 
escaped  detection  if  only  a  small  fraction  of 
the  newly  made  RNA  were  degraded  or  if 
the  degradation  proceeded  only  to  the  level 
of  oligonucleotides.  The  ribosomal  RNA 
would  then  be  assembled  almost  completely 
from  the  "second-hand"  oligonucleotides. 
A  third  alternative  is  that  the  proposed 
messenger  is  distinct  from  the  rapidly 
labeled  fraction.  A  small  fraction  of  RNA 
that  utilized  precursors  only  from  a  slowly 
labeled  pool  like  S  would  escape  detection 
in  these  experiments. 

Analysis  of  the  Kinetics  of  Tracer 
Incorporation  in  Growing  Cells 

One  of  the  great  advantages  of  radioac- 
tive tracers  in  biological  experimentation 
is  the  possibility  of  directly  demonstrating 
in  a  complex  system,  for  example  a  grow- 
ing cell,  that  a  particular  sequence  of  reac- 
tions occurs.  A  radioactive  compound  may 
be  chosen  which  enters  into  only  a  limited 
set  of  reactions,  so  that  only  a  small  num- 
ber of  cellular  components  become  radio- 
active. These  components  may  be  separated 
from  one  another  by  much  simpler  proce- 
dures than  those  required  for  complete 
purification.  By  measuring  the  rate  of  entry 


of  radioactivity  into  these  intermediates  and 
into  the  final  products,  proof  of  a  sequential 
relationship  can  be  obtained. 

Here  we  examine  the  assumptions  under- 
lying such  a  proof  and  present  a  con- 
venient method  for  analysis.  The  specific 
purpose  is  to  introduce  in  a  coherent  form 
the  arguments  and  method  utilized  below 
in  the  report  of  studies  of  the  stages  of  syn- 
thesis of  ribosomal  particles.  Therefore,  in 
this  discussion,  although  the  analysis  is  en- 
tirely general,  complicated  and  vague  ex- 
pressions have  been  avoided  by  referring 
almost  entirely  to  the  synthesis  of  RNA. 

Restrictive  conditions.  In  order  to  derive 
relatively  simple  equations  representing  the 
time  course  of  passage  of  radioactivity 
through  a  sequence  of  intermediate  objects, 
a  number  of  severely  restrictive  conditions 
must  be  met. 

(a)  The  relative  quantity  of  intermedi- 
ates should  not  change  with  time.  This 
statement  is  equivalent  to  a  requirement 
for  steady  exponential  growth  of  the  cul- 
ture. 

(b)  From  a  mathematical  point  of  view, 
each  cell  should  obey  condition  (a)  and 
the  population  should  be  homogeneous. 
However,  this  situation  is  not  achievable, 
for  growth  normally  occurs  as  a  result  of 
replication,  followed  by  cell  division.  It 
will  be  presumed  that  the  cells  in  the  pop- 
ulation are  randomly  phased  and  that  any 
effects  of  variation  of  processes  with  time 
during  the  division  cycle  will  be  lost,  since 
samples  of  the  population  analyzed  are 
always  random. 

(c)  The  specific  radioactivity  and  the 
rate  of  utilization  of  the  tracer  must  be 
constant. 

(d)  It  will  also  be  assumed  that  the  re- 
actions causing  the  transfer  of  tracer  from 
one  intermediate  state  to  another  are  uni- 
directional. The  failure  of  this  condition 
does  not  necessarily  lead  to  greater  com- 
plexity, but  such  a  case  must  be  considered 
separately. 

(e)  Finally,  it  will  be  presumed  that  any 
molecule  representative  of  a  particular  in- 
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termediate  stage  has  a  constant  chance  of 
being  transferred  to  the  next  stage  regard- 
less of  the  length  of  time  it  has  been 
present. 

In  a  given  experiment  the  proof  that 
these  conditions  are  actually  met  may  not 
be  available  or  it  may  be  known  that  one 
or  more  of  them  fail.  In  such  a  case  careful 
analysis  must  be  carried  out  in  order  to 
evaluate  the  type  and  magnitude  of  error 
that  may  result. 

If  the  first  precursor  to  be  considered 
happens  to  be  a  pool  of  low-molecular- 
weight  intermediates  it  will  most  often  be 
true  that  the  specific  radioactivity  of  the 
pool  will  rise  with  time  as  1  —  e~at.  If  there 
is  no  exchange  between  the  external  tracer 
and  unlabeled  pool  compounds,  the  equa- 
tions will  be  valid  as  they  stand.  If  ex- 
change occurs,  the  equation  for  $t  will  not 
be  valid  and  the  time  constant  for  the  first 
precursor  will  be  shorter  than  that  expected 
from  its  size.  If  exchange  is  taken  into  ac- 
count the  remaining  equations  are  still 
useful. 

Definition  of  symbols: 

t,  time  after  addition  of  tracer;  units  such 
that  t  =  1  when  the  cells  have  grown 
by  a  factor  e;  Q  =  Q0eT  gives  the 
growth  of  the  cells  or  any  component. 

M,  effective  specific  radioactivity  of  tracer; 
units  such  that  the  specific  radioactiv- 
ity of  the  RNA  will  approach  u  after  a 
long  period  of  growth  at  a  constant 
tracer  concentration. 

X,  quantity  of  a  component,  in  general. 

X*,  its  radioactivity. 

Hz,  its  specific  radioactivity. 

T,  the  total  of  all  components. 

M,  N,  the  quantities  of  RNA  in  the  precur- 
sor and  product. 

yx  X         X* 

<px  =  —  —  = 

u    T       uT 

Calculation  of  the  time  course  of  labeling 
of  a  single  precursor  and  product.  From 
the  steady  exponential  growth  of  each  com- 
ponent : 

M  =  M0eT       N  =  N0eT       T  =  7VT 


The  total  RNA  synthesized  after  t  =  0  is 

T-To=To(eT-l) 

The  newly  synthesized  fraction  of  the  total 
RNA: 


<pT 


To(eT  -  1)  = 
7VT 


1 


(1) 


The  rate  of  change  of  the  radioactivity  of 
the  precursor,  M: 

dM*  dT  dN 

=  -t-(\xmM)  =  \\MM  +  M 


dT 


and,  since  T  =  M  +  N, 

d\\M      T 
-ah=M(» 


\im) 


Integrating  and  using  the  condition  that 
\\m  =  0  when  t  =  0, 

Hm  =  m(1  -e-'T?M)T) 

The  newly  synthesized  fraction  of  the  total 
RNA  present  in  the  precursor: 

Finally,  since  <Pt  =  $m  +  $n9  the  newly 
synthesized  fraction  of  the  total  RNA 
present  in  the  product : 


$n  =  1  —  e 


M 
T 


(1  -  e-WM)T)     (3) 


Figure  26  shows  the  three  functions  $r, 
<pm,  and  $n  calculated  from  equations  1,  2, 
and  3  for  the  specific  case  where  M/T 
=  0.10.  The  interpretation  of  the  log-log 
plot  will  be  discussed  below.  However,  in 
this  mathematical  section  will  be  given 
proof  that  $m  and  <pN  have  the  form  at 
early  times  indicated  on  figure  26. 

Expansion  of  the  exponential  gives  for 
equation  2: 


T2 

2M2 


T 
2M 
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At  early  times  when  (T/2M)t<<1, 
<Pm  =  t  and  <$>m  thus  follows  a  straight 
line  at  45°  (slope  1)  on  figure  26. 

Similarly,  expansion  of  the  exponentials 
in  equation  3  gives 


l!     l! 
2  +  6 


T  + 


7^r; 
M  2 


M2  6 


Here  the  terms  in  t  cancel  at  early  times, 
and 


<$>N 


Nt2 

2M 


( 


1 


T  +  M 

3M 


) 


(4) 


<Pn  has  the  form  indicated  on  figure  26 
at  early  times  and  as  a  matter  of  fact  devi- 
ates from  this  by  less  than  10  per  cent 
when  t  =  0.03.  At  this  time  the  precursor 
has  already  reached  a  third  of  its  final 
radioactivity.  Thus  for  a  usefully  long 
period  the  radioactivity  of  the  product  rises 
as  t2  and  follows  a  straight  line  of  slope  2 
on  the  log-log  plot. 

The  time  course  of  labeling  of  two  se- 


quential precursors  and  a  product.  Where 
the  tracer  enters  sequentially  into  three 
objects  (— »  E  — »  N  -»  R),  similar  analysis, 
involving  one  further  integration,  yields 
the  following  equations: 

4>ar  =  1  -  e~T  (5) 

*'  =  (f)(1  "  C~{T/E)T)  (6) 

E(R  +  N)  e-iT,E)T  -  TNe~iN,B)T 


<pN 


E(R  +  N)  -  TN 


) 


>R 


$T  —    $B  —  $N 


1.0 


Newly  synthesized 
fraction  of  RNA 


0.001 


0.01 


10 


(Defined    by  growth  Q  =  Qne   ) 


Fig.  26.  Example  of  precursor-product  rela- 
tionship. Calculated  from  equations  1,  2,  and  3 
for  the  case  in  which  one-tenth  of  the  total  RNA 
is  in  the  precursor.  The  precursor  levels  off  at 
0.10  and  reaches  63  per  cent  of  this  value  when 
t  =  0.10.  Ordinate  and  abscissa  scales  are  defined 
in  text. 


(7) 

(8) 

Analysis  of  the  time  course  of  labeling 
of  an  indefinite  number  of  such  sequential 
precursors  may  be  easily  carried  out  in  a 
similar  way.  At  early  times  the  radioac- 
tivity of  each  of  the  objects  in  sequence  will 
rise  in  proportion  to  t,  t2,  t3,  t4,  etc.  With- 
out a  detailed  study  of  the  approximations 
involved  this  can  easily  be  seen  from  the 
following  argument. 

At  early  times  the  first  precursor  will 
contain  essentially  all  the  radioactivity,  and 
its  specific  radioactivity  will  rise  in  propor- 
tion to  t.  Since  the  amount  of  radioactivity 
in  the  second  precursor  is  simply  the  time 
integral  of  the  specific  radioactivity  of 
the  first,  it  will  rise  in  proportion  to  t2  as 
long  as  the  specific  radioactivity  of  the 
first  does  not  approach  saturation.  Simi- 
larly, the  amount  of  radioactivity  in  the 
third  object  is  the  time  integral  of  the 
specific  radioactivity  of  the  second  and  will 
rise  in  proportion  to  t3. 

Use  of  <f>.  The  function  cj>,  which  we 
have  called  the  newly  synthesized  fraction 
of  the  RNA  (in  the  special  case  of  RNA 
synthesis),  has  turned  out  to  be  of  great 
practical  use.  It  can  be  expressed 


Mz      X       X* 
M       7        M^ 


(9) 
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It  is  measured  by  the  radioactivity  (X#)  ship  quantitatively  without  further  calcula- 

of  a  given  fraction,  and  can  be  computed  tion.    In  this  case  $  for  the  precursor  is 

readily  from  the  experimental  data.    At  given  by  equation  2.  On  the  log-log  plot 

early  times  the  total  radioactivity  of  a  pre-  the  constants  in  equation  2  affect  the  posi- 

cursor  may  be  measured  accurately  even  tion  but  not  the  shape  of  the  curve.  Thus 

when  the  specific  radioactivity  is  uncertain  a  curve  of  1  -  e~T  on  tracing  paper  may  be 

as  a  result  of  dilution  with  unlabeled  ma-  translated  over  the  experimental  plot  until 

terial.   T  is,  of  course,  the  total  RNA  cor-  the  best  fit  is  achieved.  The  experimental 

responding  to  the  sample  size  on  which  X*  points,  at  late  times,  should  level  off  at 

was  determined.  <j>  =  M/T,    and    t  =  1    on    the    1  -  <TT 

u  is  readily  determined  from  the  specific  tracing  should  lie  over  t  =  M/T  on  the 

radioactivity  of  the  total  RNA  using  the  experimental  graph. 

relations  In  more  complex  cases,  or  if  there  is  a 

^p#  failure   of  a   sequential   relationship,   the 

ur  =  -=-  =  [i$T  —  u(l  —  e~T)              (10)  nature  of  the  relationships  can  be  deduced 

from  the  slopes,  positions,  and  curvatures 
where  t  has  been  determined  from  the  of  the  various  fractions.  The  use  of  t  de- 
growth  curve,  Q  =  QoeT.  Since  T  is  used  fined  by  the  growth  curve  simplifies  all 
in  the  calculation  of  both  u  and  <px,  an  these  operations  and  permits  the  compari- 
absolute  measure  of  RNA  is  unnecessary,  son  of  experiments  carried  out  at  different 
In   fact,   a   number   proportional   to   the  growth  rates. 

equivalent    cell    mass    in    the    sample    is  Although   <j>   is   adequately   defined   by 

sufficient.  equation  9  the  following  general  definition 

In  using  equation   10  it  is,  of  course,  may  perhaps  be  useful.    §  is  the  ratio  of 

necessary  to  know  that  T#  is  in  fact  the  the  number  of  labeled  atoms  at  a  given 

total  radioactivity  in  the  sequence  of  re-  time  in  a  given  class  of  molecules  to  the 

actions    being    considered.     Further,     if  number  of  atoms  in  the  whole  cell  that 

T*/T   is   not  proportional   to   1  —  e~T   a.  would  be  labeled  after  a  long  period  of 

failure  of  restrictive  condition  (c)  or  (d)  growth  during  which  the  labeling  condi- 

is  indicated  and   the  significance  of  the  tions  were  precisely  constant.   $  is  thus  a 

errors  resulting  must  be  considered.    Ex-  measure  of  the  number  of  newly  synthe- 

amples  of  the  method  of  calculation  of  <p  sized  molecules  that  occur  in  a  given  class, 

and  its  use  in  a  complex  case  are  given  and  has  been  named  the  newly  synthe- 

below.  sized  fraction.    The  term  "newly  synthe- 

In  the  interpretation  it  is  convenient  to  sized"  is  used  here  to  refer  to  molecules 

plot  log  <p  against  log  t.   This  procedure  that  have  actually  been  assembled  from 

expands  both  scales  at  early  times.  During  low-molecular-weight  precursors    (includ- 

the  usefully  long  period  when  $  is  pro-  ing  the  tracer)  after  the  tracer  has  been 

portional  to  t,  t2,  or  t3  a  straight  line  of  added.  If,  over  a  significant  period  of  time, 

slope  1,  2,  or  3  results.    Thus  precursor-  there  is  a  rise  in  the  specific  radioactivity 

product  relationships  can  readily  be  recog-  of   a   pool   of  low-molecular-weight   pre- 

nized.  The  relative  quantity  of  each  frac-  cursors  the  general  definition  above  is  still 

tion  is  given  by  the  final  value  of  <J>  after  valid  but  the  meaning  of  the  term  "newly 

the  specific  activity  of  that  fraction  has  been  synthesized"  must  be  carefully  considered, 

saturated.  A  special  method  using  specific  mdioac- 

When  there  is  a  single  precursor  it  is  tivities.  In  certain  circumstances  the  ana- 
easy  to  test  the  precursor-product  relation-  lytical  methods  permit  the  measurement 
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of  the  specific  radioactivity  of  the  fractions, 
but  not  their  total  radioactivity.  In  such 
cases  the  equations  given  here  are  still 
useful.  In  the  absence  of  independent 
measures  of  the  time  constant  and  the  size 
of  the  fraction,  however,  the  test  of  pre- 
cursor-product relationships  is  not  as  effec- 
tive. The  purpose  here  is  not  to  examine 
such  procedures  but  to  call  attention  to  the 
peculiar  properties  of  the  function  [In/hm, 
the  ratio  of  the  specific  radioactivity  of  the 
product  to  that  of  the  precursor.  From 
equations  2  and  3  we  can  write 


Mat 


M( 


T 


1 


M     1 


-(T/M)t 


1 


) 


At  early  times  this  ratio  has,  of  course,  very 
small  values,  and  at  late  times  it  approaches 
unity.  However,  at  any  given  time  it  does 
not  vary  by  more  than  a  factor  of  2  for 
any  possible  relative  quantities  of  precursor 
and  product.  For  example,  when  t  =  0.01, 
\\n/\\m  =  0.01  for  the  case  of  an  infinitely 
small  precursor.  For  the  other  extreme, 
when  the  precursor  is  large  and  the  product 
infinitely  small,  \\n/\xm  =  0.005  when 
t  =  0.01. 

This  surprising  result  is  not  evident  by 
inspection  of  the  equation.  It  should  be 
useful  in  a  variety  of  special  circumstances. 
For  example,  incomplete  purification  of 
the  precursor  will  cause  the  experimental 
curve  to  lie  entirely  outside  the  region 
permitted  by  this  function.  This  can  easily 
be  recognized  and  does  not  require  knowl- 
edge of  the  relative  size  of  the  pool  of 
precursor.  The  existence  of  two  sequential 
precursors  or  the  failure  of  restrictive  con- 
dition (c)  will  yield  values  of  \\n/\\m  much 
smaller  than  those  predicted  by  equation 
10. 

Synthesis  of  Ribosomal  RNA 

Our  studies  of  ribosome  synthesis  have 
continued  since  1957.  The  earlier  work 
showed  clearly  that  tracer  material,  en 
route  to  mature  ribosomes,  passed  through 
several  precursor  stages,  distinguished  by 


differences  in  chromatography  and  sedi- 
mentation. In  1958  it  was  estimated  that 
roughly  10  per  cent  of  the  RNA  was  found 
in  the  precursor  stage  as  nucleic  acid  or 
nucleoprotein  of  low  protein  content. 

Several  changes  in  technique  have  re- 
cently been  introduced  which  make  signifi- 
cant improvements  in  the  accuracy  of  the 
measurements  and  in  the  possibility  of 
interpretation.  In  the  early  experiments 
there  was  some  degradation  of  ribosomes 
during  chromatography  on  DEAE.  The 
degraded  material  contaminated  the  pre- 
cursor region  and  obscured  the  kinetics. 
This  difficulty  has  been  reduced  by  the  use 
of  a  higher  magnesium  concentration  in 
the  eluting  fluid.  The  accuracy  of  the 
measurements  has  been  improved  through- 
out by  using  P32  as  a  measure  of  total 
RNA  together  with  C14-uracil  to  indicate 
newly  formed  RNA. 

This  technique  also  permits  the  use  of 
much  smaller  quantities  of  material  so  that 
much  higher  resolution  can  be  obtained 
in  sedimentation  analysis.  In  particular, 
sedimentation  analysis  carried  out  in  low 
concentrations  of  magnesium  (10~4  M)  has 
greatly  aided  the  interpretation  of  all  the 
results.  Under  these  conditions  two  pre- 
cursor stages  are  separable  from  the  prod- 
uct material.  In  high  magnesium  concen- 
trations the  first  precursor  is  associated 
with  ribosomes  of  all  sizes  and  its  proper- 
ties are  obscured. 

Growth  of  cells.  E.  coli  ML  30  was 
grown  at  37°  in  C  medium  with  maltose 
as  the  source  of  carbon.  An  overnight  cul- 
ture was  diluted  with  fresh  medium,  and 
growth  was  followed  by  optical  density 
measurements  at  650  mp  for  two  or  three 
generations  so  that  an  accurate  estimate 
of  the  growth  rate  could  be  made  under 
steady-state  conditions.  The  generation 
time  did  not  vary  significantly  from  51 
minutes  in  any  of  these  experiments. 

Kinetic  experiments  began  with  the  ad- 
dition of  the  tracer.  Measurements  of  the 
uptake  of  tracer  into  macromolecules  and 
the  increase  in  optical  density  were  con- 
tinued throughout  the  experiment. 
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Tracer  methods  often  proved  convenient  and  then  the  sucrose  solution  was  sucked 

for  the  measurement  of  total  RNA   as  up  by  means  of  a  0.2-ml  pipet  having  the 

well  as  newly  synthesized  RNA.  In  these  tip  drawn  out  and  slightly  bent.    Slight 

experiments  cells  were  grown  for  about  tipping  of  the  pipet  removed  any  sharp 

three  generations  in  C  medium  containing  boundary  that  might  have  formed  between 

1-2  mc  P32C>4-  per  liter  so  that  at  least  the  two  solutions.  The  whole  contents  of 

88  per  cent  of  the  RNA  molecules  were  the  pipet  were  then  allowed  to  run  gently 

P32  labeled.   The  steady-state  P32  labeling  onto  the  top  of  a  4.8-ml   linear  sucrose 

of  the  RNA  amounting  to  70,000-140,000  gradient  from  20  to  5  per  cent  in  the  same 

cpm/mg  RNA  was  used  as  a  sensitive  and  buffer  made  in  the  normal  manner.  After 

accurate  measure  of  the  total  nucleic  acid  centrifuging  for  an  appropriate  time  the 

in  fractions  free  of  phospholipide.  contents  of  the  tube  were  dripped  out  into 

Analysis  of  cell  extracts.  Cell  samples  about  fifty  fractions, 
were  taken  at  suitable  times  during  kinetic  After  the  addition  of  2  ml  of  cold  5  per 
experiments  and  poured  rapidly  onto  cent  TCA  and  standing  for  20  minutes 
crushed  frozen  medium.  The  cells  were  the  radioactivity  present  in  macromolecules 
washed  three  times  with  cold  tris  chloride  was  collected  by  passing  through  a  mem- 
buffer  10~2-M,  pH  7  A,  containing  mag-  brane  filter. 

nesium   chloride   at   concentrations   from  The  DEAE  cellulose  used  for  chroma- 

10~2  to  10~4  as  specified.    The  cells  were  tography  of  cell  extracts  was  obtained  from 

resuspended  in  1  to  2  ml  of  buffer,  and  the  California  Corporation  for  Biochemical 

an  extract  was  prepared  by  passing  through  Research    (Cellex  D,  0.91   meq/g).    The 

the  orifice   of  a  French  pressure  cell  at  material    was    suspended    in    tris    buffer 

10,000  to  15,000  psi.  In  many  cases  DNase  0.01   M  containing   MgCl2   0.01   M  and 

was  added  to  the  cells  immediately  before  brought  to  pH  7  A  with  HC1.   After  the 

the  preparation  of  an  extract.  coarse  fraction  settled  the  fine  material  was 

Analysis  of  the  cell  extract  on  the  basis  decanted  with  the  supernatant.  Three  such 

of  the  varying  rates  of  sedimentation  of  washes   were   given.    Columns   of  about 

the   various   components,   "sedimentation  15  cm  were  packed  in  1-cm  tubes  under 

analysis,"  was  made  by  the  sucrose  gradient  3-psi  pressure.  The  samples  of  cell  extract 

technique,  already  described,  with  modi-  or  ribosomes  analyzed  contained  a  maxi- 

fications  to  obtain  higher  resolution.  With  mum  of  about  5  mg  RNA. 

the  original  technique,  the  lower  limit  of  Elution  was  carried  out  with  a  linear 

the  load  of  cell  extract  was  determined  NaCl  gradient  from  zero  to  1.0  M  or  from 

by  the  necessity  for  reading  the  ultraviolet  0.2  M  to  1.2  M  in  tris  buffer  0.01  M,  pH  7.4, 

absorption  of  the  fractions.  This  normally  containing  MgCl2  0.01  M.  The  salt  gradi- 

required  grading  a  0.2-ml  sample  on  the  ent  was  about  0.004  M/ml,  and  the  flow 

top  of  the  swinging-bucket  tube.  The  use  rate  about  0.5  ml/min.    About  fifty  frac- 

of  a  steady-state  P32  label  for  measurement  tions  of  3.5  to  4.0  ml  were  collected, 

of  the  quantity  of  RNA  greatly  improved  Extraction  of  RNA.  Duponol  at  0.5  per 

the   sensitivity   and   made   much   smaller  cent  was  added  to  the  total  cell  extract; 

samples   of   cell    extract    possible.    Small  this  treatment  dissociates  the  RNA  from 

samples  are  most  conveniently  loaded  on  the  protein.  Ribonuclease  activity  was  pre- 

the  sucrose  gradient  by  means  of  a  pipet.  vented  by  the  addition   of  0.5  per  cent 

A  0.07-  or  0.05-ml  drop  of  the  cell  extract  duponol  to  the  sucrose  solutions  in  tris- 

was  placed  on  a  silicone-treated  microscope  HCl  0.01  M,  pH  7.4,  used  in  sedimenta- 

slide  near  another  drop  of  equal  volume  of  tion  analysis. 

4  per  cent  sucrose  solution  in  a  tris  buffer  Resolution  of  nucleoprotein  on  DEAE 

containing  MgCl>  at  a  concentration  from  cellulose.    Chromatography  of  a  total  cell 

10~2  to  10~4  M.  First  the  cell  extract  sample  extract  on  DEAE  cellulose  provides  a  use- 
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ful  method  of  separating  ribosomes  from  posure  to  C14-uracil.  The  cell  extracts  in 
the  bulk  of  soluble  cellular  protein,  tris  buffer  10"2  M  Mg++  were  centrifuged 
Whereas  most  of  the  soluble  protein  is  for  4  hours  at  40,000  rpm.  The  pellet  con- 
eluted  between  zero  and  0.3  M  NaCl,  ribo-  tained  essentially  all  the  ribosomal  ma- 
somes  give  a  single  peak  at  0.4  M.  Behind  terial  and  very  little  S-RNA.  Chromatog- 
this  ribosome  peak,  S-RNA  elutes  at  0.5  M  raphy  of  this  pellet  eliminated  contamina- 
and  DNA  at  0.6  M.  Chromatography  of  tion  by  S-RNA  of  the  ribosome  precursor 
P32  pulse-labeled  extracts  on  DEAE  shows  region  around  0.5  M  salt  (fig.  28) . 
the  radioactivity  in  a  region  resolved  from  The  sequence  of  ribosome  synthesis  is 
the  main  bulk  of  the  ribosomes  close  to  readily  observed  in  the  six  parts  of  figure 
those  of  S-RNA  and  DNA.  At  later  times  28.  At  25  seconds  (fig.  28*),  all  the  radio- 
this  radioactivity  moves  into  the  main  activity  appears  in  a  single  peak  at  0.6  M 
nucleoprotein  peak.  These  analyses  sug-  salt.  At  50  seconds  (fig.  28£),  and  100 
gested  that  there  were  two  sequential  pre-  seconds  (fig.  28r),  a  shoulder  develops  on 
cursors  in  the  synthesis  of  the  RNA  of  the  the  forward  edge  of  this  peak  at  0.5  M  to 
main  nucleoprotein  peak  and  that  the  reso-  become  dominant  at  6  minutes  (fig.  28?) . 
lution  was  a  result  of  the  lower  protein  Meanwhile  the  radioactivity  associated 
content  of  the  precursors.  Detailed  kinetic  with  the  main  peak  remains  at  a  very  low 
analysis  of  the  results  was  not  attempted,  level  in  the  first  three  analyses,  subse- 
on  account  of  the  delay  of  the  entry  of  the  quently  rising  very  rapidly  from  3  minutes 
P32  into  RNA  by  the  large  pool  of  nucleo-  to  12  minutes  as  shown  in  figures  2M,  e, 
tide  precursors.    In   contrast,   the   special  and  /. 

features   of  the   entry   of   C14-uracil  into  For  clarity  and  ease  of  discussion,  the 

RNA,  already  discussed,  giving  an  essen-  two  sequential  precursors  in  ribosome  syn- 

tially  linear  curve  of  incorporation  from  thesis  have  been  named  eosome  and  neo- 

time  zero,  make  it  much  more  suitable.  some  in  the  order  of  synthesis.    As  will 

In  figure  27  the  DEAE  chromatographic  be  shown  later,  these  definitions  do  not  rest 

profiles  are  shown  for  four  samples  of  a  only  upon  the  distinctive  chromatographic 

total  cell  extract  taken  10,  20,  40,  and  55  behavior,  for  the  eosome  and  neosome  can 

minutes  after  the  addition  of  C14-uracil.  also  be  resolved  from  the  bulk  ribosomal 

The  0.4  M  peak  contains  most  of  the  ribo-  material  on  the  basis  of  their  sedimentation 

nucleoprotein,  and  the  0.5  to  0.6  M  re-  coefficients. 

gion  S-RNA  and  the  precursors.  Even  at  The  detailed  analysis  of  the  distribution 

10   minutes   it    is   evident   that   the   pre-  of  radioactivity  between  the  ribosome  peak 

cursor  region  has  a  specific  radioactivity  and  the  two  precursor  stages  was  made  in 

three  to  five  times  that  of  the  main  peak,  the  following  way. 

Between  10  and  20  minutes  the  specific  1.  The  sample  times  were  converted  to  t 
radioactivity  of  the  main  peak   rises   by  with  the  knowledge  of  the  generation  time, 
more  than  a  factor  of  3,  demonstrating  di-  i.e.,  T  =  /  loge  2/generation  time, 
rectly  the  existence  of  a  sizable  precursor  2.  The  total  uracil  label  and  the  ultra- 
pool  preceding  it.  violet  absorption  at  260  m|J  were  summed 

A  second  experiment  in  which  shorter  for  each  column  analysis,  and  the  ratio 

exposures    to    C14-uracil    were    employed  ZC14/ZO.D.  was  plotted  against  T.  Since 

proved  to  be  more  suitable  for  the  separa-  this  curve  should  fall  on  u(l  —  £~T),  the 

tion  of  the  three  stages  of  ribosome  synthe-  factor  u  was  evaluated  by  sliding  the  points 

sis  and  for  the  elucidation  of  their  quanti-  on  the  ordinate  alone  for  a  good  fit  (fig. 

ties    and    the   flows    through    them.    Six  29).  The  constant  u  is  a  measure  of  the 

samples  of  cells  were  taken  from  a  culture  radioactivity  per  unit  ultraviolet  absorption 

given  from  25  seconds'  to  12  minutes'  ex-  of  RNA  at  late  times  when  1  —  e~T  ap- 
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Fig.  27.  Analysis  of  total  cell  extracts  on  a  DEAE  cellulose  column.  Linear  NaCl  gradient 
from  zero  to  1.0  M  in  tris-HCl  buffer  0.01  M,  containing  MgCl2  0.01  M,  pH  7.4.  Salt  gradient 
0.001  M/ml.  Only  the  region  in  which  RNA  appears  is  plotted.  The  volumes  collected  varied  be- 
tween the  four  analyses,  but  salt  concentrations  are  indicated  on  each.  The  main  peak  includes 
most  of  the  ribosomal  material.  S-RNA  peaks  at  0.5  M.  (a)  10-minute,  (b)  20-minute,  (c)  40- 
minute,  (d)  55-minute  exposures  to  C14-uracil. 


proaches  1.  It  includes  the  specific  radio- 
activity of  the  tracer  and  factors  for  the 
rate  of  utilization  for  RNA  synthesis  and 
the  conversion  to  cytosine.  Since  different 
concentrations  and  specific  radioactivities 
of  tracer  were  used,  u  was  evaluated  sepa- 


rately for  the  experiments  of  figures  27  and 
28.  Further,  the  slow  rise  in  the  rate  of 
incorporation  of  uracil  into  RNA  has  been 
compensated  in  this  way  since  the  concen- 
trations and  time  range  of  the  two  experi- 
ments were  properly  chosen. 
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Fig.  28.  Analysis  of  total  ribosomal  pellets  (40K  240  minute  pellets)  on  a  DEAE  cellulose 
column.  Linear  NaCl  gradient  from  0.2  M  to  1.2  M  in  tris-HCl  buffer  0.01  M  containing  MgCl2 
0.01  M,  pU  7.4.  Salt  gradient  0.004  M/ml.  Volumes  collected  3.6-3.8  ml.  (a)  25-second,  (b)  50- 
second,  (c)  100-second,  (d)  3-minute,  (e)  6-minute,  (/)  12-minute  exposures  to  C14-uracil. 


3.  The  most  easily  calculated  quantity 
is  the  relative  specific  radioactivity  of  the 
main  ribosome  peak  u.r/u.  Since  it  is  the 
major  component,  \xr/\x  is  almost  the  same 
as  <pR.  In  this  case  it  is  in  fact  l.l4>#.  No 
serious  contamination  of  the  first  three  or 
four  fractions  of  this  peak  results  from 
the  radioactivity  of  precursor  materials 
except  in  figures  2Sa  and  b.  No  significant 
quantity  of  radioactivity  can  be  attributed 
to  the  main  ribosome  peak  in  figure  28<z, 
and  some  correction  for  contamination  was 


required  for  figure  28£.  The  specific  radio- 
activity is  plotted  against  t  in  figure  29. 
The  magnitude  of  the  depression  of  the 
ribosome  specific  radioactivity  at  early 
times  is  immediately  diagnostic  of  two 
successive  precursors,  since  no  one  pre- 
cursor could  possibly  be  large  enough  to 
cause  such  a  delay.  The  dependence  of 
the  specific  radioactivity  upon  t3  at  early 
times  is  also  symptomatic  of  a  delay  by  two 
precursors.  In  figure  29  a  theoretical  curve 
has  been  drawn  through  the  points,  the 
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Fig.  29.  Log-log  plot  of  the  time  course  of  specific  radioactivity  of  the  ribosome  peak  in  a 
DEAE  cellulose  column  analysis.  Time  t  defined  by  <t>  =  <p0eT.  Data  from  figures  20  and  21.  The 
open  circles  represent  the  relative  specific  radioactivity  of  the  total  material  eluted  from  the  column: 
ZC14/ZO.D.  (260  mu)  divided  by  u.  The  curve  drawn  through  them  is  1  —  e~T.  The  curve  drawn 
through  the  solid  circles  representing  ribosome  specific  radioactivity  was  calculated  for  the  example 
indicated  on  the  figure. 


justification  for  which  will  be  given  in  a 
later  paragraph. 

4.  A  plot  of  <pR  versus  Amass  shows  the 
delay  of  the  entry  of  label  into  ribosomes 
due  to  the  precursors.  The  intercept  on 
the  ordinate  is  a  measure  of  the  total 
quantity  of  precursor.  This  is  true  whether 
the  precursors  are  sequential  or  parallel. 
Application  of  this  procedure  leads  to  a 


value  of  9.5  per  cent  of  the  total  ribosomal 
RNA  as  precursor. 

5.  Since  the  above  determination  indi- 
cates that  the  total  quantity  of  precursor 
is  much  less  than  the  total  ultraviolet  ab- 
sorption in  the  region,  it  appears  that  most 
can  be  attributed  to  a  streak  of  the  main 
ribosomal  peak.  This  can  also  be  shown 
by  chase  experiments  which  fail  to  reduce 
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the  radioactivity  in  the  region.  Therefore, 
to  a  first  approximation  the  radioactivity 
in  the  total  precursor  may  be  obtained  by 
subtracting  the  radioactivity  due  to  the 
product  ribosomal  material  at  the  specific 
radioactivity  of  the  product  peak.  This  is 
in  fact  a  small  correction  except  at  very  late 
times    (fig.   27).    The   total   radioactivity 


in  the  precursor  was  then  used  to  calculate 
<Pn+e,  which  is  plotted  in  figure  30. 

6.  Although  it  is  apparent  from  the 
curves  of  figure  28  that  there  are  two 
components  in  the  precursor  region,  the 
precision  of  any  possible  apportionment 
of  the  radioactivity  between  these  two 
components  is  limited  by  the  poor  resolu- 
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Fig.  30.  Log-log  plot  of  the  fraction  of  newly  synthesized  RNA  present  in  total  precursor  and 
in  eosome  and  neosome  as  a  function  of  time.  Data  from  figure  21  (two  points  from  figure  20  at 
late  times).  The  open  circles  represent  total  precursor,  eosome  plus  neosome;  the  closed  circles, 
neosome;  and  the  bars  eosomes.  The  vertical  lines  are  estimated  ranges  of  possible  error  in  the 
peak  shape  analysis.  The  three  curves  drawn  are  theoretical  ones  calculated  for  the  example  indi- 
cated on  the  figure. 
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tion.  However,  from  the  earliest  time  point 
(25  seconds,  Rg.  28a)  a  reasonable  estimate 
of  the  peak  shape  of  the  eosome  component 
can  be  made.  Likewise,  the  peak  shape 
of  the  neosome  can  be  recognized  from 
later  points  (fig.  28b).  The  peak  fractions 
of  each  of  the  components  were  located 
from  the  earliest  and  latest  time  points. 
The  cross  contamination  in  each  of  these 
fractions  by  material  of  the  other  compo- 
nent was  determined  from  the  known  peak 
shapes.  Application  of  these  corrections 
led  to  estimates  of  the  fraction  of  the  total 
precursor  radioactivity  attributable  to  each 
component.  It  was  then  possible  to  divide 
<pN+E  into  <pN  and  <pE  (fig.  30). 

7.  To  check  the  above  procedure,  nu- 
merical tables  of  functions  for  the  peak 
shapes  of  the  two  precursor  components 
were  made.  A  least-squares  procedure  was 
then  applied  to  each  time  point  for  the 
separation  into  the  two  components.  Agree- 
ment within  the  limits  of  precision  was  ob- 
tained between  determinations  made  by 
the  two  procedures.  In  fact,  the  evaluation 
of  <$>n  at  very  early  times  and  <pE  at  very 
late  times,  when  each  is  a  small  fraction 
of  the  total  precursor,  is  subject  to  con- 
siderable uncertainty,  owing  to  the  magni- 
tude of  the  cross  contamination. 

The  results  of  these  analyses  are  sum- 
marized in  figures  29  and  30.  The  curve 
for  Ui?/u  in  figure  29  has  a  slope  propor- 
tional to  t3  at  early  times.  Similarly,  the 
$n  and  (pE  curves  of  figure  30  have  initial 
slopes  proportional  to  t2  and  t.  These  re- 
lationships are  direct  indications  of  the 
sequence  eosome  — »  neosome  — >  ribosome. 
The  values  at  which  the  plots  $n  and  <pE 
level  off  are  direct  measures  of  the  quanti- 
ties of  each  of  the  two  precursors.  Of  the 
total  10  per  cent  or  so  precursor  material 
in  ribosomal  RNA,  about  2.5  per  cent  can 
be  ascribed  to  eosomal  material,  and  about 
7  per  cent  to  neosomal  material.  Theoreti- 
cal curves  for  $n  and  <ps  and  \\r/\x  were 
calculated  and  fitted  to  the  data  in  figures 
29  and  30.  The  best  fits  were  obtained 
using  2.7  per  cent  eosome,  6.8  per  cent 
neosome,  and  90.5  per  cent  ribosome. 


Initial  studies  by  means  of  sedimentation 
analysis.  Most  studies  of  the  kinetics  of 
ribosome  synthesis  have  been  carried  out 
by  means  of  sedimentation  analysis  in  a 
magnesium  concentration  of  10~2  M  neces- 
sary for  the  preservation  of  ribosomes.  The 
general  features  of  such  analyses  made  on 
extracts  from  cells  given  a  short  pulse  of 
either  P32  or  S35  have  already  been  de- 
scribed in  previous  Year  Books.  At  early 
times  the  specific  radioactivities  of  the  30S 
and  50S  ribosomes  present  in  the  extract 
were  considerably  higher  than  that  of  the 
70S.  These  small  particles,  described  as 
native  30S  and  50S  to  differentiate  them 
from  those  derived  by  breakdown  of  the 
70S  at  lower  magnesium  concentrations, 
represent  together  some  10  to  20  per  cent 
of  the  ribosomal  material.  Their  higher 
specific  activity  after  a  pulse  was  inter- 
preted as  showing  a  precursor  relationship 
to  the  70S  ribosomes. 

Figure  31  shows  the  analysis  of  extracts 
of  four  samples  of  cells  taken  after  10,  20, 
40,  and  55  minutes'  exposure  to  C14-uracil. 
50S  and  30S  ribosomes  show  as  shoulders 
in  the  ultraviolet  absorption  profile.  At 
10  minutes  the  specific  radioactivities  of  the 
50S  and  30S  ribosomes  are  at  least  three 
times  that  of  the  70S.  This  difference  in 
specific  radioactivity  decreases  with  time 
and  has  practically  disappeared  by  55 
minutes.  This  long-time  uracil-labeling  ex- 
periment appears  to  demonstrate  qualita- 
tively a  precursor-product  relationship  be- 
tween the  native  50S  and  30S  and  the 
70S  ribosomes. 

When  a  series  of  cell  extracts  was  pre- 
pared after  much  shorter  exposures  to 
C14-uracil  and  analyzed  in  the  same  way 
(fig.  32)  the  results  were  not  interpretable 
on  such  a  simple  hypothesis.  In  this  series 
of  analyses  the  50S  and  30S  ribosomes  have 
a  high  specific  radioactivity  compared  with 
that  of  the  70S,  although  the  ratio  of  spe- 
cific radioactivities  does  not  change  greatly 
with  time.  In  fact,  a  simple  precursor- 
product  relationship  would  predict  that  the 
ratio  would  be  very  large  at  early  times  if 
it  were  of  the  order  of  3.0  at  12  minutes,  as 
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Fig.  31.  Sedimentation  analysis  of  four  total  cell  extracts  taken  from  cells  given  (a)  10-minute, 
(b)  20-minute,  (c)  40-minute,  (d)  55-minute  exposures  to  C14-uracil.  Centrifugation  90  minutes  at 
37,000  rpm.  Cell  washing  and  breakage  and  centrifugation  carried  out  in  tris-HCl  0.01  M,  pH  7 A, 
MgCl2  0.01  M. 
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figures  31a  and  32b  show.    This  is  evi-  cific  radioactivity  toward  the  front  edge  of 

dently  not  so,  and  it  appears  that  another  the  70S  peak  in  figures  32a  and  32b  could 

process  is  dominant  at  early  times  causing  be  a  result  of  the  larger  size  of  newly  made 

radioactivity  to  appear  in  the  70S.    One  particles  or  an  increased  quantity  of  radio- 
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Fig.  32.  Sedimentation  analysis  of  six  total  cell  extracts  taken  from  cells  given  (a)  25-second, 
(b)  50-second,  (c)  100-second,  (d)  3-minute,  (e)  6-minute,  (/)  12-minute  exposures  to  C14-uracil. 
Centrifugation  90  minutes  at  37,000  rpm,  4°C.  Cell  washing  and  breakage  and  centrifugation 
carried  out  in  tris-HCl  0.01  M,  pH  7.4,  MgCl2  0.01  M. 


possibility  was  the  direct  entry  of  RNA 
into  70S  without  the  delay  brought  about 
by  passing  through  the  large  pools  of  50S 
and  30S  precursors.  Another  was  that  this 
radioactivity  was  associated  with  the  70S 
peak  rather  than  being  incorporated  into 
the  large  ribosomes.   The  increasing  spe- 


active  material  making  some  particles  sedi- 
ment more  rapidly. 

The  next  experiment  was  directed  at 
selecting  out  the  70S  ribosomes  from  a 
pulse-labeled  extract  and  breaking  them 
down  to  their  constituent  50S  and  30S 
moieties  so  as  to  determine  the  location  of 
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this  early  radioactivity.  Three  samples  of 
P32  steady-state  labeled  cells  were  taken 
after  16-second,  35-second,  and  1-minute 
exposures  to  C14-uracil,  and  extracts  were 
prepared  in  tris-HCl  0.01  M,  pU  7 A,  MgCl2 
0.01  M.  The  cell  walls  and  unbroken  cells 
were  removed  by  means  of  a  5-minute 
centrifugation  at  40,000  rpm.  The  70S 
ribosomes  were  selected  from  the  super- 
natant by  means  of  a  30-minute  spin  at 
40,000  rpm  and  purified  by  two  resuspen- 


The  distribution  of  C14  radioactivity 
shows  that  most  of  the  pulse-labeled  RNA 
now  appears  in  a  peak  of  low  S  number. 
At  16  seconds  50S  ribosomes  are  virtually 
unlabeled  compared  with  30S  ribosomes, 
although  about  20  per  cent  of  the  C14  re- 
mains associated  with  a  peak  of  what  are 
apparently  residual  70S  ribosomes.  While 
the  C14  radioactivity  in  the  30S  ribosomes 
and  in  the  12S  peak  increases  with  time  in 
figure  33b  and  c,  this  most  rapidly  moving 
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Fig.  33.  Sedimentation  analysis  of  three  70S  ribosome  pellets  purified  by  three  successive  40K 
30-minute  centrifugations  followed  by  a  4-hour  dialysis  against  tris-HCl  pH  7.4,  0.01  M  MgCl2.  Cells 
are  grown  for  three  generations  in  the  presence  of  P3204— .  Thus  the  P32  radioactivity  (dashed  line) 
measures  the  total  RNA  of  the  ribosomes.  C14-uracil  supplied  for  (a)  16  seconds,  (b)  35  seconds, 
and  (c)  1  minute.  Centrifugation  95  minutes  at  37,000  rpm  at  4°C  in  tris-HCl  0.01  M,  pH  7A, 
MgCl2  0.01  M. 


sions  and  similar  centrifugations.  The  final 
pellet,  consisting  largely  of  70S  ribosomes, 
contained  40  to  50  per  cent  of  the  total 
uracil  radioactivity  incorporated  into  RNA. 
The  three  pellets  were  resuspended  and 
dialyzed  for  4  hours  against  a  large  volume 
of  tris-HCl  0.01  M  buffer  containing  MgCl2 
at  10~4  M.  Sedimentation  analysis  on  a 
sucrose  gradient  in  10"4  M  magnesium 
produced  the  profiles  of  P32  and  C14  radio- 
activity shown  in  figure  33.  At  least  90 
per  cent  of  the  70S  ribosomes  have  broken 
down  into  subunits  of  sedimentation  co- 
efficient approximately  50S  and  30S.  The 
customary  2/1  ratio  in  quantity  of  the  sub- 
units  is  not  observed. 


peak  seems  to  become  saturated  very  early 
with  an  apparent  time  constant  of  about 
20  seconds.  The  quantity  of  uracil  radio- 
activity in  this  component  is  about  equal 
to  that  incorporated  into  total  RNA  during 
2  seconds  under  the  conditions  of  this  ex- 
periment. Gros  et  al.,  who  also  have  ob- 
served this  special  component,  estimate  that 
it  contains  about  10  per  cent  of  a  20-second 
pulse  label.  Thus  it  appears  that  the 
early  label  associated  with  the  70S  ribo- 
somes is  of  at  least  two  types.  The  majority 
does  not  remain  with  the  50S  and  30S  after 
dissociation  but  appears  in  a  peak  of  about 
14S.  Another  rapidly  saturating  compo- 
nent remains  associated  with  or  is  part  of 
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the  few  remaining  large  ribosomes  having 
a  sedimentation  constant  of  about  70S. 

Because  of  the  complexity  of  analysis  of 
cell  extracts  made  in  10~2  M  Mg++,  a  search 
was  made  for  conditions  more  suitable  for 
the  resolution  of  precursors  from  products 
in  ribosome  synthesis.  Samples  of  cells 
were  prepared  having  a  steady-state  P32 
label  and  a  2-minute  uracil  pulse  label. 
They  were  washed  once  in  tris  buffer  con- 
taining 10"2  M  Mg++  and  then  divided  into 
four  parts.  The  four  samples  were  washed 
three  more  times  in  tris  buffer  containing 
magnesium  chloride  at  10"2  M,  3  X  10~3  M, 
10"3  M,  and  10~4  M,  respectively,  and 
finally  resuspended  and  broken  in  the  usual 
manner.  All  were  analyzed  on  a  sucrose 
gradient  containing  the  appropriate  mag- 
nesium concentration;  the  results  are 
shown  in  figure  34.  The  first  three  samples 
were  centrifuged  at  37,000  rpm  for  90  min- 
utes, and  the  last  one  for  150  minutes. 

At  10"2  M  Mg++  (fig.  34«)  most  of  the 
ribosomes  are  present  as  70S  but  most  of 
the  radioactivity  runs  as  50S  and  30S.  The 
apparent  specific  radioactivity  of  the  small 
ribosomes  is  more  than  three  times  that  of 
the  70S.  Another  feature  worth  noting  is 
the  higher  specific  radioactivity  encoun- 
tered on  the  leading  edge  of  the  70S  peak. 
Cells  broken  in  the  presence  of  3  X  10~3  M 
Mg++  (fig.  34£)  have  most  of  their  ribo- 
somes as  50S  and  30S.  At  the  same  time 
about  half  of  the  radioactivity  associated 
with  ribosomes  in  figure  34<z  now  appears 
in  a  peak  of  about  14S.  There  is  now  little 
difference  between  the  specific  radioactivi- 
ties of  the  three  groups  of  ribosomes,  al- 
though there  is  a  peak  of  radioactivity 
running  between  the  main  50S  and  30S 
peaks.  In  10~3  M  magnesium  (fig.  34<r)  an 
even  higher  proportion  of  the  radioactivity 
appears  in  a  14S  peak,  and  the  faster  of 
the  other  two  peaks  of  radioactivity  appears 
to  lag  behind  the  50S  ribosome  peak.  The 
distribution  of  radioactivity  among  the 
three  objects  is  very  similar  at  10~4  M 
Mg++,  but  the  increased  centrifugation  time 
in  figure  34d  produces  higher  resolution. 


Here  the  front-running  peak  of  radioac- 
tivity is  clearly  resolved  from  50S  ribosomes 
and  appears  to  have  a  sedimentation  co- 
efficient of  about  43S. 

Analysis  of  pulse-labeled  phenol-ex- 
tracted RNA  was  reported  in  Year  Book 
59.  Those  experiments  were  concerned 
with  only  the  fraction  of  RNA  that  was 
collected  with  the  ribosomes  during  a 
4-hour  centrifugation.  In  view  of  the  ex- 
istence of  the  eosome,  some  of  which  may 
have  been  lost  by  this  procedure,  further 
analyses  of  RNA  were  made.  To  obtain 
a  total  RNA  fraction  the  cell  extract  was 
simply  treated  with  0.5  per  cent  duponol. 

To  compare  the  radioactivity  of  the  ribo- 
nucleoprotein  precursors  with  that  of  the 
RNA,  a  sample  of  the  identical  cell  extract 
utilized  for  the  study  of  the  effect  of  mag- 
nesium concentration  (fig.  34)  was  treated 
in  this  way.  The  results  of  the  sedimenta- 
tion analysis  on  a  sucrose  gradient  (con- 
taining duponol)  are  shown  in  figure  35. 

Comparison  of  figure  35  with  figure  34d 
indicates  that  approximately  the  same  frac- 
tion of  the  RNA  labeled  for  2  minutes  with 
uracil  appears  as  complete  16S  and  23S 
molecules  as  the  fraction  associated  with 
the  30S  and  43S  peaks  in  the  total  extract. 
The  rest  of  the  C14  label  appears  in  a 
peak  of  approximately  8S.  Evidently  the 
eosome  appearing  as  14S  in  the  total  extract 
appears  as  only  8S  when  treated  with  either 
duponol  or  phenol. 

Resolution  of  the  ribosome  precursors  by 
sedimentation.  The  resolution  of  early -la- 
beled RNA  from  the  bulk  ribosomes  sug- 
gested that  these  conditions  of  cell  breakage 
and  analysis  of  extracts  would  be  suitable 
for  the  determination  of  the  details  of  the 
kinetics  of  ribosome  synthesis.  At  2  min- 
utes, two  objects  other  than  the  50S  and 
30S  ribosome  peaks  were  highly  labeled 
and  readily  resolvable.  Further  experi- 
ments were  carried  out  to  study  their  pos- 
sible roles  as  ribosome  precursors. 

For  this  purpose  careful  analysis  was 
made  in  10~4  M  magnesium  of  six  samples 
of  extracts  prepared  from  P32  steady-state 
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Fig.  34.  Sedimentation  analysis  of  a  total  extract  from  cells  labeled  with  P32  for  four  generations 
and  with  C14-uracil  for  2  minutes.  Cells  washed  and  extracts  prepared  and  run  in  tris-HCl  0.01  M, 
pH  7.4,  (a)  containing  MgCl2  at  10~2  M,  (b)  3  X  10~3  M,  (c)  10~3  M,  (d)  10"4  M.  Centrifugation 
(a),  (b),  (c)  90  minutes  at  37,000  rpm,  (d)  150  minutes  at  37,000  rpm,  4°C. 
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labeled  cells  given  from  30  seconds'  to 
12  minutes'  exposure  to  C14-uracil  (fig.  36) . 
The  extracts  were  treated  with  DNase 
before  centrifugation  through  a  sucrose 
gradient.  The  P32  profile  shows  three  main 
peaks  of  50S  and  30S  ribosomes  and  soluble 
RNA.  In  figure  36a  and  b  the  radioactivity 
appears  almost  entirely  in  the  rather  broad 
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Fig.  35.  Sedimentation  analysis  of  total  RNA 
extracted  from  cells  labeled  with  P32  for  four 
generations  and  with  C14-uracil  for  2  minutes; 
0.5  per  cent  duponol  was  added  to  the  total  cell 
extract  and  then  run  in  a  sucrose  gradient  con- 
taining 0.5  per  cent  duponol  in  tris-HCl  0.01  M, 
pU  7A.  Centrifugation  270  minutes  at  37,000 
rpm,  4°C. 

peak  at  about  14S.  After  2  minutes  there 
is  little  apparent  rise  in  the  specific  radio- 
activity (C14/P32  ratio)  of  this  peak. 

At  2  minutes  two  other  peaks  are  clearly 
distinguishable:  one  associated  with  30S 
ribosomes  and  another  appearing  between 
30S  and  50S  at  approximately  43S.  The 
43S  component  continues  to  rise  in  figure 
36d  and  e.  Up  to  7  minutes  there  is  very 
little  C14  radioactivity  that  can  be  associated 
with  the  50S  peak,  but  then  the  radioac- 
tivity increases  by  a  factor  of  about  10  be- 
tween 4  and  10  minutes. 

A   preliminary    interpretation   of   these 


data  would  suggest  that  all  the  radioac- 
tivity passing  into  ribosomal  RNA  is  de- 
layed by  about  a  2-minute  pool  of  material 
having  a  mean  sedimentation  coefficient  of 
about  14S.  By  analogy  with  the  column 
analysis  this  first  precursor  would  be  the 
eosome.  A  second  intermediate  stage  can 
be  distinguished  in  which  C14-uracil  radio- 
activity appears  in  the  region  of  43S  asso- 
ciated with  only  a  small  fraction  of  the 
total  ribosomal  material.  This  appears  to 
be  a  part  of  the  neosome  or  second  stage 
fractionated  by  column  analysis.  A  quan- 
titative examination,  in  the  manner  pre- 
viously described,  of  the  time  course  of 
labeling  of  the  various  peaks  was  therefore 
undertaken  in  order  to  clarify  this  initial 
impression. 

Measurement  of  the  C14-uracil  radio- 
activity present  in  the  various  components 
is  considerably  easier  in  the  sedimentation 
analyses  than  in  the  DEAE  column  anal- 
yses already  described.  The  resolution  be- 
tween the  various  objects  is  more  complete, 
and  the  peak  shapes  are  clearly  defined 
by  the  P32  radioactivity. 

Kinetic  analysis  was  carried  out  in  a 
series  of  steps  analogous  to  those  already 
described  for  the  DEAE  column  analysis. 

1.  The  sample  times  were  converted  to  t, 
and  the  ratio  of  the  total  C14  radioactivity 
to  the  total  P32  radioactivity  (corrected  for 
decay)  was  obtained  for  each  time.  $t  was 
then  evaluated  by  the  procedure  already 
described. 

2.  The  next  step  was  to  determine  the 
relative  flows  into  the  30S  and  50S  ribo- 
somes from  the  eosome  pool.  Since  the 
total  30S  material  in  the  cell  is  one-half  of 
the  50S  material,  these  flows  would  be 
one-third  and  two-thirds  of  the  total  if  the 
two  pathways  were  independent.  4>3o  was 
calculated  for  the  30S  region  using  the  peak 
shape  defined  by  the  P32  count.  All  C14 
counts  associated  with  regions  of  S  number 
higher  than  30  were  summed  to  obtain 
$43  +  50,  presuming  because  of  its  sedimen- 
tation constant  that  the  43S  peak  was  a 
precursor  of  the  50S.  These  two  functions 
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are  plotted  in  figure  37.  It  is  immediately 
clear  that  the  curves  are  not  a  factor  of 
2  apart,  and  especially  at  early  times  the 
30S  region  has  more  than  its  share  of  radio- 
activity. It  appears  that  a  precursor  of  the 
50S  ribosome  is  present  in  the  30S  region. 


corrected  for  the  growing  radioactivity  of 
S-RNA.  In  making  this  correction  the 
quantity  of  S-RNA  was  evaluated  from  the 
P32  radioactivity  in  the  region  of  small 
sedimentation  coefficient.  Its  specific  radio- 
activity was  taken  to  be  equal  to  that  of 
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Fig.  36.  Sedimentation  analysis  of  six  DNase  treated  total  extracts  made  and  centrifuged  in  tris- 
HC1  0.01  M,  pH  7.4,  MgCl2  10~4  M  from  cells  steady-state  labeled  with  P32  given  (a)  30-second, 
(b)  1-minute,  (c)  2-minute,  (d)  4-minute,  (e)  7-minute,  (/)  10-minute  exposures  to  Cu-uracil. 
Centr  if  ligation  175  minutes  at  37,000  rpm,  4°C. 


3.  In  a  more  detailed  analysis  $b  (eo- 
some)  <|>48  and  4>so  were  evaluated.  At 
early  times  $30  and  $43  are  not  known  very 
precisely,  owing  to  contamination  by  the 
trail  of  eosome.  The  peak  shape  of  eosome, 
however,  is  such  that  reasonable  estimates 
can  be  made.  Further,  <ps  cannot  be  esti- 
mated directly  at  late  times  but  must  be 


the  total  RNA  (4>r),  since  there  is  no 
evidence  for  a  delay  in  its  labeling.  For 
the  43S,  reasonably  precise  estimates  can  be 
made  out  to  10  minutes  because  of  the 
strong  depression  of  $50  and  an  accurate 
knowledge  of  the  peak  shape  obtained 
from  figure  36c. 
4.  The    three    functions    $e,    §43,    and 
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4>5o  are  plotted  together  with  <J>t  in  figure  to  t3.  This  would  be  expected  if  the  43S 

38.    The  curve  for  <ps  is  essentially  the  component  is  the  neosome  or  second  stage 

same  as  that  obtained  by  column  analysis  in  the  synthesis  of  the  50S  ribosome. 
(fig.  30).  The  value  at  which  it  levels  off         The  objects  first  to  receive  radioactivity, 

indicates  a  pool  size  of  about  2  per  cent  variously  called  14S  RNA,  eosome,  infor- 
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Fig.  37.  Log-log  plot  of  the  newly  synthesized  fraction  of  RNA  present  in  total  cell  extract  (solid 
circles),  30S  region  (squares),  and  43S  +  50S  region  (open  circles)  as  a  function  of  time.  Data 
from  figure  36. 


of  the  total  ribosomal  RNA  for  the  eosome. 
Since  the  eosome  accounts  for  the  total 
flow  at  early  times,  both  $43  and  4)50  are 
strongly  depressed  at  early  times.  $43  is 
proportional  to  t2  at  early  times,  and  <p5o 


mational  RNA,  and  messenger  RNA,  are 
probably  of  great  importance  to  the  central 
problem  of  the  origin  and  function  of 
ribosomal  RNA.  Therefore,  the  evidence 
showing  that  the  RNA  in  the  14S  region 
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is  precursor  to  ribosomal  RNA  will  be  by  15  per  cent  to  correct  for  the  soluble 

examined  in  detail.  For  this  purpose  the  RNA),  second  the  radioactivity  of  the  14S 

more  conventional  linear  plot  of  the  time  region,  $e,  corrected  at  late  times  for  the 

course  of  labeling,  shown  in  figure  39,  is  a  soluble  RNA,  as  described  above,  and  third 
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Fig.  38.  Log-log  plot  of  the  newly  synthesized  fraction  of  RNA  present  in  the  total  cell  extract 
(solid  circles),  eosome  (triangles),  43S  neosome  (rectangles),  and  50S  ribosome  (open  circles)  as 
a  function  of  time.  Data  from  figure  36.  The  curve  drawn  for  the  50S  ribosomes  is  the  calculated 
curve  shown  on  figure  22  multiplied  by  two-thirds,  since  the  50S  ribosomes  account  for  two-thirds  of 
the  ribosomal  nucleoprotein.    The  agreement  is  striking. 

useful  adjunct  to  the  curves  shown  in  fig-  the  radioactivity  of  neosome  plus  ribosome 

ures  37  and  38.  <pso  +  $43  +  4>so  called  here  $r. 

On  figure  39  are  shown  first  the  radio-  All  the  radioactivity  initially  enters  the 

activity  in  the  total  RNA,  <j>r'   (reduced  eosome;  thus  at  early  times  $ t  =  <ps.  Later 
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<ps  levels  off  at  0.02  corresponding  to  2  per  quantity  of  the  eosome.  Thus  the  delay  of 

cent  of  the  total  ribosomal  RNA.  $r  is  approximately  correct  for  the  size  of 

If  the   total   flow   to  ribosomal   RNA  the  eosome.    While  $r    rises  initially  in 

passed  through  an  object  of  this  size  the  proportion  to  t2,  values  at  30  seconds  and 

time  constant  would  be  about  2  minutes,  1  minute  are  lower  than  would  be  expected. 
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Fig.  39.  The  C14-uracil  label  incorporated  into  total  RNA  (solid  circles),  the  eosome  region  8-20S 
(squares),  and  the  ribosome  region  (open  circles),  i.e.,  material  between  30S  and  50S  including 
neosome  and  ribosome.  Data  from  figure  36.  The  label  in  each  component  is  plotted  as  $  functions 
4>r>  $e>  $n  +  r  as  m  figures  37  and  38. 


which  is  consistent  with  the  shape  of  the 
curve  for  $b. 

The  curve  for  <J>«'  has  zero  slope  at  zero 
time,  showing  that  the  entry  of  radioac- 
tivity is  delayed  by  a  precursor.   Further, 
the  ribosome   curve   <pR    falls  below   $t 
at  late  times  by  an  amount  equal  to  the 


Using  the  equation  shown  in  figure  26  for 
the  earliest  time  points,  the  calculated 
quantity  of  precursor  is  3.5  per  cent  of  the 
total  ribosomal  RNA.  This  difference  may 
be  due  to  an  underestimate  of  $30,  or  it 
may  indicate  that  the  quantity  of  eosome 
is  somewhat  greater  than  2  per  cent,  as 
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does  the  DEAE  analysis.  Alternatively,  "precursor"  is  an  adequate  description  of 
there  may  be  a  time  required  for  comple-  the  other  alternative, 
tion  of  the  eosome  before  it  can  be  utilized  The  difficulty  of  demonstrating  true 
for  neosome  synthesis.  Nevertheless  it  is  turnover  in  the  sense  of  synthesis  and  deg- 
clear  that  very  little,  if  any,  C14-uracil  radation  of  a  given  molecule  has  already 
radioactivity  by-passes  the  eosome  on  its  been  discussed.  What  we  have  demon- 
way  to  neosome  or  ribosome.  strated  is  that  there  exists  a  precursor-prod- 

Stages  of  synthesis  of  the  ribosomal  uct  relationship  between  the  eosome  and 
RNA.  From  the  analysis  of  uracil-labeled  the  product  ribosomes  for  the  transfer  of 
cell  extracts,  it  is  clear  that  at  early  times  C14-uracil  radioactivity, 
all  the  radioactivity  is  present  in  a  fraction,  It  does  not  prove  conclusively  that  la- 
named  eosome,  peaking  at  14S.  The  kinetic  beled  molecules  initially  observed  as  eo- 
behavior  of  the  component  has  been  stud-  somes  are  incorporated  as  such  into  com- 
ied,  and  the  size  of  the  component  has  been  pleted  ribosomes.  An  alternative  involves 
estimated  at  2  to  3  per  cent  of  the  total  breakdown  of  the  eosome  molecules  and 
ribosomal  RNA.  It  can  be  shown  from  a  synthesis  of  ribosomes  by  means  of  a 
the  same  experiments  that  label  entering  quantitative  reutilization  of  the  labeled 
nucleoprotein  of  higher  molecular  weight  degradation  products.  It  should  be  pointed 
is  delayed  by  a  component  of  about  the  out  that  in  common  with  many  similar 
same  size.  Together  these  observations  tracer  studies  this  alternative  cannot  be 
suggest  that  the  eosome  is  predominantly  rigidly  ruled  out.  In  order  to  conserve 
precursor  to  ribosomes.  the  label  for  quantitative  reutilization,  the 

In  another  recent  study,  Gros  et  al.  have  breakdown  has  to  occur  in  such  a  way  that 

invoked  the  rapidity  of  labeling  of  the  there  is  no  mixing  with  other  unlabeled 

eosome  as  a  criterion  of  turnover.    They  RNA  precursors,  as  has  already  been  dis- 

have  suggested  that  the  rapid  rate  with  cussed.    In   the   absence  of  evidence  for 

which  label  enters  and  leaves  the  eosome  breakdown  of  eosome  molecules,  the  data 

fraction  proves  instability  of  these  RNA  have  been  interpreted  in  terms  of  a  pre- 

molecules.  In  general,  however,  it  is  clear  cursor-product  relationship, 

that  the  rapid  labeling  of  a  small  com-  As  far  as  the  details  of  ribosome  synthesis 

ponent  indicates  merely  that  the  flow  into  are  concerned,  it  is  clear  that  three  main 

it  is  much  larger   than  that  required  to  stages  can  be  described.  The  clearest  dem- 

maintain  its  quantity  in  the  growing  cell,  onstration  derives  from  the  rate  of  labeling 

The  loss  of  label  when  an  excess  of  un-  of  the  main  ribonucleoprotein  peak  in  the 

labeled  isotope  is  added  shows  only  the  column  analysis.  Its  radioactivity  rises  in- 

already  obvious  fact  that  there  is  also  a  itially  as  the  cube  of  time.  The  total  label 

transfer  of  material  out  of  this  component,  present  at  early  times  is  so  low  as  to  require 

These  qualitative  measurements  cannot  be  two  sequential  precursors.   The  total  pre- 

expected  to  distinguish  between  a  precursor  cursor  material  can  be  only  10  per  cent 

through  which  label  flows  to  a  product  and  of  the  total  RNA,  and  a  single  precursor 

a  compound  that  is  synthesized  and  then  of  this  magnitude  could  not  introduce  such 

is  broken  down  to  its  constituent  parts,  a  delay  into  the  product  (fig.  26). 

To  some  extent,  the  lack  of  distinction  Separation  of  the  total  precursor  material 

between  these  two  alternatives  results  from  into    the    two    components    is,    in    fact, 

the  use  of  the  word  turnover  without  prop-  achieved  by  the  DEAE  cellulose  chroma- 

erly  stating  the  level  of  turnover  that  is  tography.  The  primary  eosome  stage  can 

being  considered.  To  distinguish  between  be  shown  to  be  2  to  3  per  cent  of  the  total 

the  two  very  different  alternatives  it  would  ribosomal  RNA,  and  the  second  neosome 

be  desirable  to  reserve  "turnover"  for  phe-  stage  6  to  7  per  cent.  The  time  variation 

nomena    of    molecular    instability,    since  of   the   label   entering   the    second    peak 
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shows  it  to  be  delayed  by  one  precursor. 

Sequential  precursors  are  also  clearly 
shown  by  sedimentation  analysis.  The  50S 
peak  is  very  well  resolved  from  precursor 
material  and  shows  the  same  time  course 
of  labeling  as  the  main  ribonucleoprotein 
peak  in  column  analysis.  As  is  seen  by  a 
comparison  of  figure  29  with  figure  38, 
the  radioactivity  of  the  50S  is  just  two- 
thirds  of  the  main  ribonucleoprotein  peak, 
as  would  be  expected,  since  the  50S  ribo- 
some  makes  up  two-thirds  of  the  70S 
ribosome. 

The  diagram  shown  in  figure  40  sum- 
marizes the  results  obtained  with  both 
types  of  analysis  and  indicates  the  correla- 
tion between  the  two.  In  the  following 
paragraphs-  the  evidence  supporting  each 
of  the  features  of  this  diagram  will  be 
considered. 

Eosome.  The  interpretation  of  the  role 
of  the  eosome  as  precursor  to  all  the  ribo- 
somal  RNA  has  been  discussed  above.  It 
is  not  to  be  supposed  that  the  eosome  is 
one  homogeneous  class.  It  has  a  broad 
range  of  sedimentation  constants  and  pre- 
sumably supplies  the  RNA  to  a  variety  of 
ribosomes.  In  particular,  the  nucleotide 
compositions  of  the  30S  and  50S  ribosomes 
differ.  The  peak  at  0.6  M  in  the  column 
analysis  and  the  broad  region  peaking  at 
14S  in  the  sedimentation  analysis  both 
carry  all  the  radioactivity  at  early  times 
and  later  saturate  at  about  the  same  quan- 
tity of  radioactivity. 

Flows  a  and  b  and  the  30S  neosome 
precursor  to  30S  ribosomes.  It  is  clear  from 
the  column  analysis  that  there  is  a  neosome 
precursor  to  30S  ribosomes,  since  the  peak 
eluted  at  0.4  M  contains  both  30S  and  50S 
ribosomes  and  the  radioactivity  entering  it 
is  very  strongly  delayed  and  rises  as  t3  at 
early  times.  The  only  place  in  the  sedi- 
mentation analysis  (fig.  36)  where  such  an 
object  can  occur  is  in  the  30S  region.  Be- 
cause of  the  lack  of  resolution  it  has  been 
impossible  to  assess  its  kinetics  of  labeling 
or  measure  its  quantity  independently. 
After  correction  for  the  trails  of  43S  and 
eosome  peaks  in  figure  36V  and  d,  it  appears 


that  the  C14  radioactivity  in  the  30S  region 
reaches  its  maximum  somewhat  behind  the 
P32  peak  corresponding  to  the  30S  ribo- 
somes. This  result  is  quite  uncertain  but 
leaves  an  impression  of  heterogeneity  in 
the  30S  region. 

DEAE  COLUMN  ANALYSIS 
Molarity  of  NaCI  at  peak 
0.6  0.5  0.4 


Fig.  40.  Schematic  diagram  of  the  flow  of 
RNA  in  ribosomal  synthesis.  The  diagram  indi- 
cates the  way  in  which  the  information  derived 
from  DEAE-cellulose  column  analysis  and  sedi- 
mentation analysis  has  been  combined  to  give 
a  more  complete  scheme.  The  figures  in  the 
boxes  represent  the  percentages  of  the  total  ribo- 
somal RNA  existing  in  each  of  the  states  in  a 
steadily  growing  cell.  Movement  downward  is 
a  result,  principally,  of  the  completion  of  RNA 
subunits.  Movement  to  the  right  is  principally 
a  result  of  the  addition  of  protein. 

Flows  c  and  d  and  the  30S  precursor  to 
50 S  ribosomes.  Figure  37  shows  that  there 
is  a  greater  flow  into  the  30S  region  than 
is  required  for  the  synthesis  of  the  30S 
ribosomes;  in  fact,  more  than  half  the  flow 
from  the  eosome  passes  into  the  30S  region 
at  early  times.  This  shows  that  a  part  of 
the  flow  that  ultimately  reaches  the  50S 
ribosome  passes  through  a  30S  neosome. 
We  have  chosen  to  indicate  on  figure  40 
that  one-half  of  the  flow  to  50S  passes  this 
way,  for  the  following  reasons:    the  43S 
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radioactivity  (fig.  38)  is  one-third  of  the 
neosome  radioactivity  (fig.  30)  at  early 
times;  and  a  sedimentation  coefficient  of 
30S  suggests  that  one-half  of  the  50S  RNA 
is  already  present.  It  is  not  clear  whether 
the  two  30S  neosomes  indicated  are  identi- 
cal. The  nucleotide  compositions  of  the 
50S  and  30S  ribosomes  differ,  but  this  dif- 
ference could  be  made  up  through  the 
flow  e.  The  total  quantity  of  the  30S 
neosomes  can  be  crudely  estimated  by  the 
difference  between  the  amount  of  43S 
neosome  (4  to  5  per  cent)  and  the  total 
amount  of  neosome  (7  per  cent)  indicated 
on  figure  30.  No  estimate  of  the  relative 
quantities  of  the  two  objects  indicated  can 
be  made  if  in  fact  they  differ. 

The  43S  neosome  and  flows  e  and  f. 
The  43S  neosome  stands  out  clearly  in 
sedimentation  analysis  (Rg.  36c)  at  the 
appropriate  time.  The  time  course  of  label- 
ing shown  on  figure  38  is  that  of  the  neo- 
some or  second  stage  in  the  sequence.  The 
radioactivity  rises  as  t2  initially  and  levels 
off  later.  At  early  times  the  curve  has  the 
shape  of  $n  (fig.  30)  but  only  one-third 
of  the  magnitude  of  $n.  If  the  total  flow 
to  the  50S  ribosomes  passed  directly  to  the 
43  from  the  eosome,  $43  would  be  expected 
to  be  just  two-thirds  of  <$>n.  Therefore,  it 
is  clear  that  about  half  the  flow  to  50S 
ribosomes  passes  to  the  43  from  the  eosome. 

It  appears  certain  that  no  eosomal  RNA 
goes  directly  to  the  50S  ribosome,  because 
4>5o  is  proportional  to  t3  at  early  times. 
The  43S  neosome  is  shown  on  figure  40 
as  containing  the  full  complement  of  RNA 
of  the  50S  ribosome.  This  seems  likely 
from  its  sedimentation  constant. 

The  quantity  of  43S  neosomal  RNA  can 
be  estimated  to  be  about  5  per  cent  from 
the  steady-state  P32  radioactivity  that  re- 
mains in  this  region  after  the  30S  and  50S 
contributions  have  been  subtracted,  assum- 
ing reasonable  and  symmetrical  peak 
shapes.  The  specific  radioactivity  estimated 
on  this  basis  at  early  times  is  just  one-half 
what  would  be  expected  if  the  total  flow 
to  SOS  ribosomes  passed  directly  from  the 
neosome  to  the  43S.  This  is,  of  course,  con- 


sistent with  figure  40,  since  one-half  of  the 
flow  should  be  delayed  by  the  30S  neosome 
precursor  to  the  43S. 

Figure  40  shows  a  more  complex  set  of 
sequential  relationships  than  the  two  se- 
quential precursors  shown  on  figure  29. 
The  diagram  suggests  that  half  of  the 
radioactivity  of  the  50S  ribosomes  should 
rise  in  proportion  to  t4  for  a  time  while 
the  other  half  should  rise  as  t3.  All  the 
30S  ribosome  radioactivity  should  rise  as  t3. 

Although  deviations  from  the  three-stage 
model  showed  clearly  in  the  time  course 
of  labeling  precursors  such  as  the  30S  and 
43S  neosomes,  the  accuracy  of  the  data  is 
not  adequate  to  resolve  the  predicted 
fourth-power  component  in  the  final 
product. 

These  studies  of  the  synthesis  of  the 
RNA  portion  of  ribosomes  provide  only  a 
few  hints  to  the  concurrent  process  of  the 
addition  of  protein.  The  step  from  43S 
neosome  to  50S  ribosome  involves  both  a 
change  in  sedimentation  coefficient  and  a 
change  in  the  elution  from  DEAE,  but  no 
more  RNA  is  added.  It  seems  quite  ob- 
vious that  this  change  is  due  to  a  change  in 
the  protein  content.  Direct  observation  of 
the  accumulation  of  protein  necessitates  a 
different  tracer  molecule. 

The  Synthesis  of  Ribosomul  Protein  and 
the  Assembly  of  Ribosomes 

The  studies  of  the  RNA  portion  of  the 
ribosomes  give  only  indirect  evidence  on 
the  concurrent  synthesis  of  ribosomal  pro- 
tein. A  series  of  experiments  was  carried 
out  using  C14-leucine  as  the  tracer  to  ob- 
serve synthesis  of  the  protein  moiety. 

Analysis  of  pulse-labeled  extracts  by 
sedimentation.  Most  previous  sedimenta- 
tion analyses  have  been  made  in  higher 
concentrations  of  magnesium  (10~2  M)  in 
which  the  70S  and  larger  ribosomes  survive 
(Year  Books  58,  59) .  The  results  were  only 
qualitative  but  led  to  the  conclusion  that 
the  50S  and  30S  ribosomes  present  in  the 
cell  extract  were  the  precursors  of  the  70S. 
Since   the  present  experiments  were  de- 
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signed  to  complement  those  in  which  C14-  o£  SOS  ribosomes,  305  ribosomes,  and  DNA 

labeled  uracil  was  used,  the  techniques  and  and  S-RNA.    The  C14  radioactivity  asso- 

methods  of  analysis  were  completely  analo-  ciated  with  the  508  and  30S  peaks  is  already 

gous,  including  the  use  of  a  steady-state  P'^2  high  at  30  seconds,  suggesting  that  much  of 

label  as  a  measure  of  total  ribosomes  and  it  represents  nascent  protein  rather  than 
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Fig.  41.  Sedimentation  analysis  of  five  total  cell  extracts  from  cells  labeled  with  P32  for  four 
generations  and  given  (a)  30-second,  (b)  1-minute,  (c)  2-minute,  (d)  4-minute,  (e)  8-minute  ex- 
posures to  C14-leucine.  Cells  washed  and  extracts  prepared  in  tris-HCl  0.01  M,  pH  7.4,  MgCl2 
10~4  M.    Centrifugation    160  minutes  at  37,000  rpm,  4°C. 


the  breakage  of  the  cells  in  10~4  M  mag- 
nesium. 

Figure  41  shows  the  sedimentation  anal- 
ysis of  five  total  cell  extracts  prepared  from 
cells  given  exposures  to  C14-leucine  varying 
from  30  seconds  to  8  minutes.  The  P32 
profile  shows  the  usual  three  major  peaks 


ribosomal  protein.  At  30  seconds  about 
one-third  of  the  leucine  radioactivity  is 
associated  with  ribosomes,  indicating  that 
the  amount  of  nascent  protein  found  in 
association  is  equivalent  to  some  10  seconds' 
total  supply,  i.e.,  0.2  per  cent.  This  figure 
is   higher   than   that   previously   reported 
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(Year  Book  58),  and  could  be  a  result  of 
the  different  method  of  breakage  pre- 
serving more  of  the  protein-ribosome  as- 
sociation. 

At  later  times  the  radioactivity  of  the 
nascent  protein  is  less  prominent  and  there 
is  a  continued  rise  in  the  amount  of  C14 
radioactivity  in  the  50S  and  30S  ribosomes. 
In  addition,  the  peak  of  high  specific  radio- 
activity, i.e.,  C14/P32  ratio,  between  the 
main  50S  and  30S  ribosomes  visible  in  fig- 
ure 41£  continues  to  increase.  This  radio- 
activity may  be  attributed  to  an  object  of 
about  40S  to  45S,  presumably  the  same  as 
the  43S  neosome  previously  described. 

As  far  as  the  entry  of  C14  radioactivity 
into  the  50S  and  30S  ribosomes  is  con- 
cerned, there  is  little  sign  of  any  delays 
brought  about  by  a  precursor  through 
which  all  the  ribosomal  protein  must  pass. 
The  rising  specific  radioactivity  from  the 
very  earliest  times  shows  that  most  of  the 
ribosomal  protein  enters  the  50S  and  30S 
directly. 

Since  a  high  proportion  of  the  C14-leucine 
radioactivity  enters  50S  and  30S  ribosomes 
directly,  it  is  clear  that  short  labeling  pe- 
riods are  necessary  to  demonstrate  any 
more  detailed  features  of  ribosomal  protein 
synthesis.  In  view  of  the  contribution  of 
nascent  protein  to  the  total  ribosomal  pro- 
tein at  early  times,  a  short  pulse  of  C14- 
leucine  followed  by  a  chase  with  C12- 
leucine  is  useful  to  reveal  the  transfer  of 
ribosomal  protein.  Cells  were  labeled  with 
P82  for  three  generations  and  then  with 
C14-leucine  for  1  minute,  when  a  hundred- 
fold excess  of  C12-leucine  was  added.  Sam- 
ples were  taken  after  10  seconds  and  1,  2, 
6,  and  7%  minutes.  Figure  42  shows  the 
efficiency  of  the  chase  in  stopping  further 
incorporation  of  radioactivity  into  proteins. 

Extracts  were  prepared  in  10~4  M  mag- 
nesium in  the  usual  way  and  analyzed  by 
sedimentation.  Three  of  the  analyses  are 
shown  in  figure  43.  Preliminary  examina- 
tion of  the  radioactivity  profiles  reveals  that 
the  50S  peak  gains  radioactivity  relative 
to  the  30S,  and  that  the  label  in  the  43S 


decreases  as  a  function  of  time.  The  C14 
present  in  the  30S,  43S,  and  50S  peaks  was 
computed  for  all  five  analyses  in  the  usual 
way  and  corrected  for  sample  size  and  cell 
growth.  These  three  functions  are  plotted 
in  figure  44.  It  can  be  seen  that  the  increase 
in  radioactivity  in  the  50S  is  paralleled  by  a 
decrease  in  the  43S  within  limits  of  error. 
On  the  other  hand,  the  radioactivity  of  the 
30S  falls  only  by  the  factor  expected  for 
cell  growth. 
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Fig.  42.  The  incorporation  of  C14-leucine 
(10~6  M)  into  protein  in  a  culture  of  E.  coli 
ML  30.  C12-leucine  was  added  to  a  final  con- 
centration of  10~4  M  at  1  minute. 


It  should  be  pointed  out  that  with  this 
method  of  analysis  by  sedimentation  the 
30S  peak  always  contains  much  more  pro- 
tein than  would  be  expected.  In  general, 
even  with  long  labeling  periods  the  quan- 
tity of  protein  associated  with  the  30S  peak 
is  almost  equal  to  that  associated  with  the 
50S.  In  the  present  chase  experiment  about 
35  per  cent  of  the  total  protein  is  associated 
with  ribosomes,  compared  with  the  25  per 
cent  or  so  expected  on  the  basis  of  the 
number  of  ribosomes  and  their  protein 
content.  This  suggests  that  whereas  the 
50S  contains  the  expected  quantity  of  pro- 
tein the  proportion  of  protein  in  the  30S 
is  unexpectedly  high. 

Effect  of  chloramphenicol  on  rib  o  some 
synthesis.  The  addition  of  chloramphenicol 
to  a  culture  of  E.  coli  immediately  inhibits 
protein  synthesis.  Many  studies  have  been 
made  of  the  RNA  and  DNA  synthesis 
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Fig.  43.  Sedimentation  analysis  of  three  total  cell  extracts  prepared  from  cells  labeled  with  P32 
for  four  generations  and  C14-leucine  for  1  minute  followed  by  (a)  10  seconds,  (b)  2  minutes, 
(c)  7  minutes  45  seconds  in  C12-leucine  (see  fig.  42).  Cells  washed  and  extracts  prepared  in  tris- 
HC1  0.01  M,  pU  7 A,  containing  MgCl2  10"4  M.   Centrifugation  165  minutes  at  37,000  rpm,  4°C. 


which  continues  at  approximately  the  nor- 
mal rate  for  the  first  30  minutes  or  so,  at 
least.  During  long  periods  of  inhibition  a 
special  fraction  of  RNA  can  accumulate 
to  a  high  level  and  pre-existing  ribosomes 
may  be  degraded.  Finally,  removal  of 
chloramphenicol  results  in  the  degradation 
and  loss  of  much  of  the  chloramphenicol 
RNA. 


Time  in  minutes 

Fig.  44.  The  C14-leucine  radioactivity  in  the 
30S,  43S,  50S  components  as  a  function  of  time 
after  a  1 -minute  pulse  and  chase  (data  from 
fig.  43). 


The  over-all  base  composition  of  RNA 
synthesized  in  the  presence  of  chloram- 
phenicol is  identical  to  normal  bacterial 
RNA.  Fractionation  of  the  RNA  produced 
on  a  column  of  DEAE  cellulose  gives  two 
components,  one  having  the  base  composi- 
tion of  soluble  RNA  and  the  other  that  of 
ribosomal  RNA.  It  was  therefore  of  con- 
siderable interest  to  examine  the  relation- 
ship of  the  RNA  formed  to  the  normal 
stages  of  ribosome  synthesis. 

With  the  experience  already  gained  in 
studies  of  the  incorporation  of  uracil  into 
ribosomes  a  period  of  labeling  in  the 
presence  of  chloramphenicol  was  chosen 
such  that  in  the  control  culture  most  of 
the  label  would  be  present  as  product 
ribosomes  and  yet  the  eosome  and  43S 
neosome  components  would  still  be  visible. 
A  culture  of  E.  coli  ML  30  was  randomly 
labeled  with  P32  for  three  generations  and 
then  split  into  three  equal  fractions.  To 
two  of  these,  chloramphenicol  was  added 
at  concentrations  of  50  and  200  ug/ml. 
After  2  minutes  an  equal  quantity  of  C14- 
uracil  was  added  to  each  culture  at  10~5  M. 
After  10   minutes  each  culture  was  har- 
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vested  and  washed,  and  extracts  were  pre- 
pared in  tris-HCl  0.01  M,  pH  7 A,  contain- 
ing DNase  at  1  ug/ml.  The  two  chloram- 
phenicol-inhibited  cultures  incorporated  80 
per  cent  as  much  C14-uracil  as  the  control. 
The  sedimentation  analysis  of  two  of 
the  cell  extracts  is  shown  in  figure  45.  The 
analyses  of  the  two  chloramphenicol-in- 
hibited  cultures  were  identical.  In  the 
control  culture  most  of  the  C14-uracil  is 
present  in  the  50S  and  30S  ribosome  peaks 


be  due  to  another  component  of  about  25 S. 
By  analogy  with  the  normal  sequence  of 
ribosome  synthesis  this  could  be  identified 
as  die  neosome  second-stage  precursor 
known  to  have  a  sedimentation  coefficient 
of  somewhat  less  than  30.  It  can  also  be 
identified  as  the  24S  particle  observed  in 
cell  extracts  after  prolonged  chlorampheni- 
col inhibition. 

Assembly  of  the  ribosomes.  The  experi- 
ments reported  relating  to  the  synthesis  of 
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Fig.  45.  The  effect  of  chloramphenicol  on  the  incorporation  of  C14-uracil  into  ribosomes.  Cells 
were  grown  for  three  generations  in  P32  and  given  a  10-minute  exposure  to  C14-uracil.  (a)  control, 
(b)  in  the  presence  of  chloramphenicol  (200  ug/ml  added  2  minutes  before  the  uracil).  Cells 
washed  and  extracts  prepared  in  tris-HCl  0.01  M,  pH  7.4,  MgCl2  10~*  M  in  the  presence  of  DNase. 
Centrifugation  160  minutes  at  37,000  rpm,  4°C. 


and  S-RNA.  However,  shoulders  of  neo- 
some at  43S  and  eosome  at  14S  are  still 
visible.  In  the  extract  from  chlorampheni- 
col-inhibited  cells  most  of  the  labeled  uracil 
is  associated  with  material  of  sedimentation 
coefficient  less  than  20.  Moreover,  there 
is  a  separation  into  two  peaks,  one  coin- 
cident with  S-RNA  and  the  other  at  the 
position  occupied  by  eosome  precursor  in 
short-pulse  experiments. 

There  are,  however,  signs  of  other  minor 
labeled  components.  Examination  of  the 
C14  profile  suggests  that  the  shoulder  on 
the  leading  edge  of  the  main  peak  could 


ribosomal  protein  do  not  add  any  funda- 
mentally new  features  to  the  sequence  of 
ribosome  synthesis.  They  do,  however, 
confirm  other  indications  that  some  of  the 
steps  in  the  sequence  represent  the  addition 
of  protein.  The  fact  that  a  high  proportion 
of  the  leucine  label  enters  30S  and  50S 
ribosomes  directly  with  delays  of  less  than 
1  minute  shows  that  the  last  stages  of  syn- 
thesis (30S  neosome  — »30S  ribosome  and 
43S  neosome  — >  50S  ribosome)  involve  the 
addition  of  protein.  This  is  in  agreement 
with  the  fact  that  no  new  RNA  is  incorpo- 
rated directly  into  ribosomes  and  with  the 
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low  protein/RNA  ratio  of   neosomes   as 
indicated  by  their  column  behavior. 

One  other  feature  is  clear  from  the 
leucine  pulse  and  chase  experiments.  Since 
the  43S  receives  some  label  at  early  times 
it  is  evident  that  not  all  the  protein  of  the 
50S  is  added  in  one  step.  In  fact,  the  chase 
experiment  shows  that  the  50S  increases 
some  30  per  cent  in  specific  radioactivity 
during  an  8-minute  chase  period  at  the 


This  point  is  not  established,  because  of 
the  lack  of  resolution  between  objects  in 
the  30S  size  range.  Likewise,  the  30S  neo- 
some  which  is  precursor  to  the  43S  is 
shown  as  a  separate  object,  and  this  may 
well  be  an  unnecessary  complication.  The 
43S  neosome  is  shown  with  only  one- 
quarter  of  the  protein  of  the  50S  ribosome. 
This  quantity  is  uncertain,  and  it  is  not 
known  what  fraction  of  its  protein  enters 


Biosynthesis  of  £  Co//   ribosomes 
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Fig.  46.    The  biosynthesis  of  ribosomes  in  E.  coli.  The  open  and  shaded  areas  are  proportional 
to  weights  of  RNA  and  protein,  respectively. 


expense  of  the  43S.  Rough  estimates  made 
from  the  two  leucine  experiments  suggest 
that  the  43S  has  a  protein/RNA  ratio  one- 
quarter  to  one-third  that  of  the  50S 
ribosome. 

The  final  flow  diagram,  including  both 
RNA  and  protein  moieties  of  ribosomes, 
is  shown  in  figure  46.  The  open  and  shaded 
areas  are  proportional  to  RNA  and  protein 
contents.  The  eosome  is  shown  as  pure 
RNA,  since  there  are  no  measurements  of 
its  protein  content.  The  30S  neosome  is 
shown  with  less  than  half  of  the  protein  of 
the  30S  ribosome  by  analogy  with  the  43S. 


directly  in  the  formation  of  the  43S  or  by 
way  of  the  30S  precursor  to  it.  Even 
though  these  estimates  of  relative  protein 
contents  in  neosome  and  ribosome  are 
crude  and  preliminary,  it  is  clear  that  con- 
version of  neosome  to  ribosome  involves 
only  the  addition  of  protein  and  that  the 
greater  part  of  the  ribosome  protein  is 
added  in  this  step. 

The  effect  of  chloramphenicol  is  very 
much  what  would  be  expected  from  this 
model.  The  predominant  effect  is  the  ac- 
cumulation of  what  appears  to  be  eosome 
material  by  both  sedimentation  and  column 
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analysis  (Year  Book  58).  Moreover,  the 
base  composition  of  this  material  is  like 
that  of  ribosomes.  Apparently  chloram- 
phenicol inhibits  the  addition  of  protein 
to  eosomes.  The  minor  peak  appearing  at 
about  24S  may  represent  small  quantities 
of  neosome  produced  in  the  presence  of 
chloramphenicol,  since  even  at  200  ug/ml 
the  inhibition  of  protein  synthesis  is  not 
absolutely  complete. 

One  feature  of  the  general  sequence  of 
ribosome  synthesis  deserves  further  men- 
tion. The  addition  of  RNA  and  protein 
occurs  in  time-separated  stages.  This  is 
clear  from  the  very  observation  of  RNA- 
rich  intermediates.  The  fact  that  there  is 
no  measurable  pool  of  ribosomal  protein 
suggests  that  ribosomal  protein  is  synthe- 
sized under  the  direction  of  a  ribosomal 
RNA  template. 

Composition  of  RNA 
Introduction 

The  composition  of  RNA  has  been  one 
of  our  continuing  interests.  The  composi- 
tions of  the  different  classes  of  ribosomal 
RNA  yield  some  clues  to  the  mechanism 
of  synthesis,  especially  if  newly  formed 
RNA's  of  different  fractions  can  be  com- 
pared. Several  years  ago  Bolton  measured 
the  nucleotide  composition  of  different 
types  of  RNA  by  means  of  isotope  dilution 
techniques  (Year  Book  58).  He  also  stud- 
ied the  degradation  products  and  demon- 
strated a  high  degree  of  randomness  in 
the  sequences  (Year  Book  59).  These  re- 
sults have  caused  theoretical  problems  (dis- 
cussed in  Year  Book  59),  because  we  had 
found  no  RNA  fractions  that  resembled 
DNA.  Such  DNA-like  RNA  might  be 
expected  if  the  DNA  expressed  its  genetic 
information  by  acting  as  templates  for  an 
RNA  image  of  itself. 

It  has  been  postulated  recently  by  Jacob 
et  al.  that  such  a  DNA-like  RNA  does 
exist  but  that  it  has  a  short  lifetime  and  is 
rapidly  degraded  to  nucleotides  after  hav- 
ing performed  its  function  as  a  "messen- 


ger" from  the  DNA  to  the  site  of  protein 
synthesis.  If  this  were  so,  newly  formed 
RNA  should  have  a  nucleotide  composi- 
tion resembling  that  of  DNA. 

For  this  discussion  the  DNA-like  RNA 
is  symbolized  D-RNA  in  contrast  to  R- 
RNA,  which  has  the  high  guanylic  acid 
content  of  the  50S  particles.  This  sym- 
bolism seems  preferable  to  describe  dif- 
ferent RNA's  which  are  distinguished 
solely  by  their  nucleotide  compositions. 
It  avoids  any  implications  about  the  func- 
tions of  the  two  types,  which  are  in  fact 
not  measured. 

In  all  these  studies  it  is  necessary  to  use 
an  isotopic  tracer  to  distinguish  the  newly 
formed  material.  P32  has  great  advantages 
for  this  purpose,  but  it  also  introduces  a 
number  of  difficulties.  In  the  first  place, 
P32  enters  RNA  as  the  a  P04=  of  a  5' 
nucleoside  triphosphate.  On  alkaline  hy- 
drolysis of  the  RNA,  this  bond  is  broken 
and  the  P  atom  is  left  attached  to  its  ad- 
jacent nucleotide.  Thus  the  label  indicates 
the  frequency  of  nucleotides  which  are 
found  as  neighbors  of  the  entering  nucleo- 
tide. If  all  the  precursor  5'  nucleotides  have 
equal  specific  radioactivities  the  distribu- 
tion of  label  will  indicate  the  base  ratios 
of  the  newly  formed  material  provided  that 
new  chains  of  considerable  length  are 
formed. 

For  short  times  of  labeling,  this  uni- 
formity cannot  be  assured,  as  there  are 
differences  in  the  sizes  of  the  pools  of 
precursors.  In  this  situation  the  distribu- 
tion of  label  after  alkaline  hydrolysis  indi- 
cates the  distribution  of  neighbors  of  the 
four  entering  nucleotides  weighted  in  pro- 
portion to  the  specific  radioactivity  of  the 
individual  nucleotide.  In  last  year's  report 
it  was  shown  that  the  distribution  of 
nucleotides  along  the  RNA  chain  of  ribo- 
somes was  essentially  random,  so  that  no 
error  should  be  introduced  by  this  tech- 
nique when  applied  to  the  measurement 
of  ribosomal  RNA.  In  measurements  of 
any  RNA  having  nonrandom  sequences 
serious    distortions    might    occur    if    the 
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nucleotide  precursors   are   not  uniformly 
labeled. 

Table  6  shows  the  apparent  composition 
that  would  result  if  RNA  having  the  dis- 
tribution of  nearest  neighbors  found  by 
Josse  Kasser  and  Kornberg  for  E.  coli 
DNA  were  made  from  precursors  in  which 
only  one  of  the  triphosphates  carried  the 
P32  label. 

TABLE  6.    Effects  of  Unequal  Labeling  of  RNA 
Precursors 


Source 

Apparent  Composition 

ofP32 

C 

A 

G 

U 

CTP 
ATP 
GTP 
UTP 

22.5 

28.2 

-       27.1 

21.9 

21.7 
29.8 
22.3 
27.1 

33.3 
21.8 
21.9 
20.7 

22.5 
20.2 
28.7 
30.3 

If  the  label  were  entirely  in  CTP  the 
guanine  content  would  be  similar  to  ribo- 
somes  but  no  proportion  of  precursor  could 
give  the  high-guanine  low-uracil  composi- 
tion typical  of  ribosomes. 

Throughout  this  study  the  technique  of 
isotope  dilution  was  used.  A  large  excess 
of  unlabeled  ribosomal  RNA  of  known 
composition  was  added  to  the  unknown 
labeled  material  before  hydrolysis.  This 
technique  avoids  any  difficulties  due  to 
losses  during  the  analytical  procedures.  It 
also  reveals  clearly  the  presence  of  any 
contaminating  materials.  It  is  highly  ac- 
curate in  showing  differences  from  one 
unknown  to  another,  because  the  same 
unlabeled  material  was  used  throughout. 
Its  absolute  accuracy  depends,  of  course,  on 
the  determination  of  the  composition  of 
the  standard. 

D-RNA  should  reveal  its  presence  by  its 
effect  on  the  composition  of  the  total  RNA, 
as  has  been  reported  by  Astrachan.  Meas- 
urements of  the  RNA  of  whole  cells  with- 
out fractionation  should  avoid  losses  of  any 
unstable  D-RNA.  Fractionation  might  re- 
veal D-RNA  in  purer  form.  Finally,  spe- 
cial growth  conditions  might  emphasize 
its  production.  Experiments  along  these 
three  lines  are  reported  below. 


Analyses  of  Whole  Cells 

E.  coli  strain  B  cultures  were  grown 
in  tris  medium  containing  a  small  amount 
of  phosphate,  glucose,  and  salts  for  2  hours, 
to  ensure  steady-state  conditions.  P32-ortho- 
phosphate  was  added  for  periods  ranging 
from  30  seconds  to  30  minutes,  the  bac- 
terial growth  being  stopped  by  pouring 
the  sample  into  an  equal  volume  of  cold 
10  per  cent  TCA.  The  precipitated  cells 
were  washed  four  times  with  10  per  cent 
TCA,  and  were  then  extracted  twice  with 
hot  alcohol  and  ether  to  remove  phospho- 
lipide  material.  After  a  further  ether  wash 
and  TCA  wash,  the  residue  was  hydro- 
lyzed  with  alkali,  together  with  excess  of 
unlabeled  ribosomal  RNA,  previously  pre- 
pared by  phenol  extraction.  The  hydro- 
lyzed  material  was  neutralized  with  M 
HCIO4,  and  the  precipitate  was  centri- 
fuged.  The  material  was  then  analyzed  on 
a  Dowex  1  formic  acid  column  to  separate 
the  nucleotides  (fig.  47) . 

Technical  difficulties  in  the  analysis  of 
the  nucleotide  material  were  found  to  arise 
with  the  shorter  labeling  periods.  At  times 
less  than  30  seconds  the  amount  of  label 
that  has  entered  the  RNA  of  the  cell  is 
small  compared  with  the  amount  in  the 
nucleotide  pool,  and  phospholipide  com- 
ponents. The  shorter  the  time  of  labeling, 
therefore,  the  more  difficult  it  becomes  to 
perform  accurate  analyses.  Figure  48  shows 
the  results  obtained  from  a  30-second  label- 
ing period.  It  is  evident  that  material  other 
than  the  four  2'  or  3'  nucleotides  is  present 
in  amounts  that  render  an  accurate  analysis 
very  difficult.  This  contaminating  material 
was  not  removed  by  repeated  TCA  washes 
or  by  hot  alcohol  and  ether  extraction. 
Some  was  inorganic  phosphate,  possibly 
derived  from  phospholipides  in  the  cells; 
some  can  be  identified  as  5'  nucleotides.  It 
was  considered  that  the  accuracy  of  anal- 
yses of  TCA-precipitated  cells  given  shorter 
exposures  to  P32  would  be  seriously  im- 
paired by  the  presence  of  this  material. 
Indeed,  the  RNA  analysis  of  unfraction- 
ated  cells  given  15-second  exposures  to  P 
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Fig.  47.  Analysis  of  an  alkali  hydrolyzate  of  a  mixture  of  unlabeled  colt  ribosomal  RNA,  and 
the  total  RNA  from  a  culture  exposed  for  1  minute's  growth.  Other  conditions  same  as  figure  48. 
The  correlation  between  P32  and  O.D.  is  satisfactory. 
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Fig.  48.  Ion-exchange  column  chromatography  of  an  alkali  hydrolyzate  of  a  mixture  of  unlabeled 
ribosomal  RNA  and  the  total  RNA  in  a  culture  exposed  to  P32  during  30  seconds  of  growth.  The 
total  RNA  was  prepared  by  repeated  washing  of  the  cells  in  cold  5  per  cent  TCA  followed  by  two 
extractions  by  hot  alcohol  and  ether  to  remove  phospholipides.  Dowex  1  column  eluted  by  gradient 
of  formic  acid.  Most  of  the  ultraviolet  absorption  of  the  various  nucleotide  peaks  in  the  figure  is 
due  to  the  nucleotides  of  the  ribosomal  RNA. 
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TABLE  7.    RNA  Base  Composition  during  Labeling  Period  of  30  Minutes 


Sampling  Time,  minutes 


1/2 

1 

2 

5 

10 

20 

30 

c 

23.2 

23.4 

22.9 

22.4 

22.0 

20.9 

21.4 

A 

25.3 

24.8 

25.0 

26.0 

25.1 

25.6 

25.8 

G 

29.8 

30.1 

29.5 

29.9 

30.9 

32.5 

33.3 

U 

21.7 

21.7 

22.6 

21.7 

22.0 

21.0 

19.5 

G/U 

1.33 

1.38 

1.31 

1.33 

1.41 

1.58 

1.63 

Pu/Pyr 

1.25 

1.23 

1.20 

1.25 

1.28 

1.38 

1.44 

Accuracy  ±2  per  cent  except  for  K-minute  sample  ±5  per  cent 


was  found  not  to  be  feasible  using  this  absorbing  material  sedimented  into  the 
technique.  pellet  and  eluted  at  0.4  M  NaCl,  as  do 
The  results  shown  in  table  7  indicate  ribosomes.  In  contrast,  the  P32  remained 
only  a  slight  change  in  the  base  ratios,  in  the  supernatant  fluid  and  eluted  at 
barely  outside  the  limits  of  experimental  0.6  M  NaCl  in  the  peak  characteristics  of 
error,  which  occurs  gradually  in  the  period  eosomes  (fig.  49) .  Thus  the  eosomes 
from  30  seconds  to  25  minutes.  After  25  originally  attached  to  70S-85S  ribosomes 
minutes,  the  composition  of  the  labeled  were  detached  either  by  the  column  or  by 
RNA  is  almost  indistinguishable  from  that  the  absence  of  magnesium.  The  latter  pro- 
of steady-state  whole  cells.  cedure  followed  by  DEAE  analysis  resulted 

in    a    purer    preparation    of   eosomes,    as 

r*™  **<>;*:„„  „t  77„,„      ,  there  was  little  contamination  from  under- 

Lompositwn  of  hosomes  ,  .         ., 

lying  ribosomes  or  neosomes. 

Cells  were  washed,  harvested,  and  The  nucleotide  compositions  of  two  sepa- 
broken  after  2  minutes'  growth  in  tris  rate  batches  of  eosomes  prepared  in  this 
medium  containing  P3204~.  A  pellet  en-  way  from  cells  given  10  minutes'  exposure 
riched  in  the  large  ribosomes  (70S-85S)  to  P32  were  measured  by  isotope  dilution 
was  prepared  by  centrifugation  (40K  30).  after  hydrolysis;  they  are  listed  in  table  8. 
Aggregates  were  removed  by  a  short  cen-  On  the  assumption  that  different  frac- 
trifugation  (40K  1),  and  the  ribosomes  tions  in  the  eosomal  material  might  have 
were  spun  down  (40K  30).  One  portion  different  abilities  to  adhere  to  70S  in  low- 
was  resuspended  in  tris  buffer  (10~2  M  ered  Mg++  concentrations,  70S  particles  pu- 
Mg)  and  analyzed  both  by  sedimentation  rifled  in  10~2  M  Mg++  tris  were  centrifuged 
through  a  sucrose  gradient  and  by  chroma-  at  40K  45  and  resuspended  in  10~3  M  Mg++ 
tography  on  DEAE.  The  sedimentation  tris.  These  ribosomes  were  isolated  from 
analysis  showed  that  the  bulk  of  the  radio-  exponentially  growing  cells  after  90  sec- 
activity  was  associated  with  the  large  ribo-  onds'  or  180  seconds'  exposure  to  P32.  The 
somes,  but  the  DEAE  analysis  shows  that  eosomal  RNA  which  fell  off  the  ribosomes 
it  was  mainly  due  to  eosomes  eluting  at  in  10-3  M  Mg++  (~  40  per  cent)  was  sepa- 
0.6  M  NaCl.  rated  by   centrifugation    (40K  240   SN). 

Another    portion    was    resuspended    in  This  material  was  immediately  alcohol-pre- 

buffer  of  low   magnesium  concentration  cipitated  in  the  presence  of  a  tenfold  excess 

(10~4  M)  to  break  the  ribosomes  to  their  of  unlabeled  70S  ribosomal  RNA  to  ensure 

50S  and  30S  components.  The  suspension  adequate  precipitation  of  labeled  material, 

was  centrifuged  (40K  240),  and  the  pellet  The  mixture  was  then  analyzed  by  the  iso- 

and  supernatant  fluid  were  analyzed  on  the  tope  dilution  procedure.  The  resulting  base 

DEAE  column.    Most  of  the  ultraviolet-  compositions  are  shown  in  table  9.    The 
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TABLE  8.    Composition  of  Eosomes 


Fraction 

70S 

Eosome 

Eosome 

Total 

30S 

Labeling 
period 

2hr 

lOmin 

lOmin 

lOmin 

2hr 

Strain 

B 

B 

TAU 

B 

B 

C 

21.5 

22.7 

23.4 

22.0 

23.6 

A 

25.6 

26.9 

27.3 

25.1 

24.3 

G 

33.6 

29.6 

29.7 

30.9 

31.6 

U 

19.3 

20.8 

19.6 

20.0 

20.5 

20   - 


20 


£ 
O 


(b) 


10    M  Mg  Pellet 


LJTlP-vr-F 


;       | 

!     j 

(c) 

20 

~~      i     i 

j   j 

'     I0"4M    Mg    SN             [1 

i   i                           1 

iO 

-    1   j                          r 

■■j 

|   j                        J 

^M,-r^ 

i 

10  20 


Fraction  number 


30 


Fig.  49.  DEAE  analysis  of  (a)  70S  ribosome 
pellet,  (b)  pellet  after  centrifugation  of  same 
material  resuspended  in  10~4  M  magnesium,  (c) 
supernatant  fluid  of  10~4  M  magnesium  suspen- 
sion. 


base  composition  of  the  labeled  RNA  pre- 
cipitated by  the  40K  240  centrifugation  in 
low  Mg++  is  also  given.  The  table  indicates 
that  the  eosomal  material  has  been  frac- 
tionated into  two  entities  with  very  dif- 
ferent base  compositions. 

TABLE  9.    Composition  of  Eosome  Fractions 


90  sec 


180  sec 


Pellet 

SN 

Pellet 

SN 

c 

21.1 

24.9 

20.9 

24.2 

A 

24.7 

24.8 

25.4 

25.5 

G 

35.9 

28.5 

35.0 

28.6 

U 

18.3 

21.8 

18.7 

217 

The  pellet  has  a  composition  approxi- 
mately that  of  50S  ribosomes,  although 
column  analysis  shows  that  the  radioactiv- 
ity is  carried  by  eosomes.  It  appears  to  be 
relatively  pure  R-RNA. 

The  eosomes  that  dissociated  from  the 
large  particles  at  10-3  M  Mg  show  a  com- 
position low  in  guanine  and  considerably 
closer  to  the  composition  of  D-RNA.  Such 
a  composition  could  result  from  D-RNA 
contaminated  by  25  per  cent  R-RNA. 

Table  10  shows  that  the  difference  in 
composition  between  the  50S  and  30S  par- 
ticles could  follow  from  the  assumption 
that  the  50S  is  pure  R-RNA  whereas  the 
30S  contains  equal  parts  of  D-RNA  and 
R-RNA. 

Transition  RNA 

It  was  reported  to  us  by  Spiegelman  that 
D-RNA  is  produced  exclusively  by  E.  coli 
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TABLE  10.    Correlation  of  Compositions  of  Eosome  Fractions  and  Ribosomes 


Mean 
Pellet 


50S 


Mean 

SN 


D-RNA  * 


D-Rf 


30S 


c 

21.0 

20.5 

24.6 

25.8 

23.4 

23.6 

A 

25.1 

26.4 

25.1 

25.1 

25.1 

24.3 

G 

35.5 

34.8 

28.5 

26.1 

30.8 

31.6 

U 

18.4 

18.3 

21.8 

23.0 

20.7 

20.5 

*  D-RNA  calculated  by  correcting  mean  SN  for  25  per  cent  contamination  by  pellet  material. 
fD-R  1:1  mixture  of  D-RNA  and  R-RNA. 


for  a  period  as  long  as  30  minutes  after 
growing  cells  are  transferred  from  broth  to 
synthetic  medium.  Evidently  the  synthesis 
of  R-RNA  is  curtailed  in  this  transition 
state  without  an  equal  reduction  in  the  syn- 
thesis of  D-RNA. 

This  technique  was  used  to  obtain 
D-RNA  for  a  study  of  its  properties,  par- 
ticularly its  elution  pattern  on  DEAE.  Our 
experiments  confirmed  Spiegelman's  find- 
ings about  the  composition.  In  a  culture  of 
E.  coli  B  exposed  to  P3204-  after  transfer 
from  growth  in  broth,  the  P32  entered  the 
RNA  at  one-tenth  the  usual  rate.  When  the 
cells  were  given  10  minutes'  incorporation, 
broken,  and  treated  immediately  with  du- 
ponol-phenol  (at  60  °C)  to  prevent  ribonu- 
clease  action,  the  nucleotide  composition  of 
the  extracted  RNA  resembled  that  of 
E.coliDNA  (table  11). 

TABLE  11.    Compositions  of  P32-Labeled  RNA 
Formed  after  Broth-C  Medium  Transition 


Labeling 

Time,  minutes 

2 

5 

10 

2* 

c 

23.9 

22.7 

22.6 

21.5 

A 

24.8 

25.5 

23.4 

25.2 

G 

27.2 

27.4 

28.6 

35.1 

U 

24.1 

24.4 

25.4 

18.2 

*  Broken  cells  allowed  to  stand  30  minutes  be- 
fore preparation  of  RNA. 

If,  however,  the  broken  cell  juice  was 
allowed  to  stand  for  30  minutes  at  room 
temperature,  80  per  cent  of  the  TCA-pre- 
cipitable  P32  became  TCA-soluble.  The  nu- 
cleotide composition  of  the  residual  TCA 


precipitate  was  no  longer  like  that  of  DNA. 
Evidently  the  P32  is  located  in  material 
unusually  subject  to  degradation. 

Owing  to  the  low  incorporation  into 
RNA,  five  or  six  alcohol  precipitations 
were  needed  to  reduce  the  alcohol-soluble 
fraction  to  less  than  5  per  cent  of  the  pre- 
cipitate. 

After  the  alcohol  precipitation,  the  deg- 
radation of  the  P32-labeled  RNA  by  TCA, 
RNase,  and  DNase  was  measured.  In  5 
per  cent  TCA  at  room  temperature  it  was 
hydrolyzed  somewhat  more  rapidly  than 
ribosomal  RNA.  After  24  hours  in  the 
presence  of  pancreatic  RNase  it  became 
100  per  cent  TCA-soluble,  and  with  DNase 
it  remained  50  per  cent  precipitable.  A 
similar  digestion  of  ribosomal  RNA  by 
pancreatic  ribonuclease  would  leave  50  per 
cent  precipitable  by  TCA;  see  figure  50. 

Another  portion  was  digested  by  pancre- 
atic ribonuclease  together  with  an  excess  of 
unlabeled  ribosomal  RNA.  The  digest  was 
then  analyzed  on  DEAE.  Figure  51  shows 
that  the  elution  pattern  is  unlike  the  pat- 
tern from  the  ribosomal  RNA  with  no  P32 
appearing  beyond  the  trinucleotide. 

Another  portion  was  used  for  DEAE 
chromatography.  Figure  52  shows  that  70 
per  cent  of  the  P32  that  was  indicated  to  be 
RNA  by  the  tests  described  above  eluted 
at  the  front  of  the  salt  gradient  and  was  no 
longer  TCA-precipitable.  No  P32  appeared 
in  the  region  where  ribosomal  RNA  was 
eluted. 

Thus  the  D-RNA  formed  after  the  tran- 
sition from  broth  shows  very  peculiar  prop- 
erties. Although  it  meets  the  usual  tests  of 
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Fig.  50.  Digestion  of  P32-labeled  RNA  by  pancreatic  ribonuclease  and  deoxyribonuclease.  The 
RNA  was  extracted  from  cells  that  had  incorporated  P32  after  transfer  from  broth  to  synthetic 
medium. 


alcohol-  and  TCA-precipitability  and  sen- 
sitivity to  ribonuclease,  it  is  broken  down  to 
small  units  by  DEAE  and  no  large  oligo- 
nucleotides appear  after  pancreatic  ribonu- 
clease digestion.  Thus  it  seems  to  be  com- 
posed of  small  units  associated  with  a 
larger  molecule.  These  small  units  could 


be  the  result  of  the  prior  action  of  bacterial 
ribonuclease  on  a  large  molecule,  although 
it  does  not  seem  likely  that  ribonuclease 
could  remain  active  after  treatment  with 
phenol  at  60°.  Alternatively,  the  material 
might  be  composed  of  small  units  that  had 
not  yet  been  linked  together.  In  that  situ- 
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Fig.  51.  Pancreatic  ribonuclease  digestion  of  P32-labeled  RNA  from  E.  coli  B  exposed  to  P3204— 
in  synthetic  medium  after  growth  in  broth.  An  excess  of  coli  ribosomal  RNA  was  added  before 
digestion.  Analyzed  on  DEAE  with  a  linear  0.02-0.8  M  NH4HC03,  pH  8.6.  Note  lack  of  correla- 
tion between  P32  and  O.D.  No  P32  appears  in  the  larger  oligonucleotides. 
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Fig.  52.  DEAE  analysis  of  RNA  obtained  from  bacteria  grown  for  10  minutes  in  synthetic 
medium  containing  P3264—  after  prolonged  growth  in  broth.  Note  that  P32  elutes  at  front.  Elution 
by  linear  gradient.  0.01-0.05  M  tris,  pH  8.5;  0.02-0.8  M  NaCl. 


ation,  alkaline  hydrolysis  should  release  a 
high  proportion  of  nucleoside  diphos- 
phates. A  choice  between  these  alternatives 
requires  only  a  few  more  experiments.  In 
either  event  the  instability  requires  extreme 
precautions  in  handling  RNA  for  composi- 
tion studies  lest  an  important  component 
be  lost. 

Specific  Yeast  RNA  Analysis 

The  enzyme  triose  phosphate  dehydro- 
genase is  produced  in  large  quantity  by  cer- 
tain yeasts  and  accounts  for  30  per  cent  of 
the  total  protein.  A  small  fraction  of  the 
enzyme  is  associated  with  the  ribosomes, 
and  antisera  to  the  purified  enzyme  will 
precipitate  the  ribosomal  fraction  of  the  en- 
zyme together  with  8  per  cent  of  the  ribo- 
somes. As  these  particular  ribosomes  differ 
from  the  rest  in  their  association  with  the 
enzyme  they  might  well  be  "specific"  ribo- 
somes which  participate  in  the  synthesis  of 
the  enzyme.  Dr.  Goldthwait  of  Western 
Reserve  University,  who  has  studied  this 
system,  sent  us  samples  of  the  RNA  de- 
rived from  the  ribosomes  of  this  yeast  to- 
gether with  RNA  from  the  two  fractions  of 
the  ribosomes  separated  by  precipitation 
with  antisera  to  the  enzyme.  These  were 
analyzed  to  determine  whether  any  differ- 


ences could  be  detected  in  their  chemical 
properties. 

All  samples  of  RNA  were  supplied  to  us 
after  phenol  treatment  and  alcohol  precipi- 
tation. 

The  passage  of  these  RNA's  through 
Sephadex  G50  indicated  that  there  was 
little  material  of  molecular  weight  less  than 
10,000.  The  various  fractions  were  first 
analyzed  for  base  composition  by  isotope 
dilution  using  P32-labeled  RNA  from  E. 
coli.  The  results  are  indicated  in  table  12. 

TABLE  12.    Yeast  RNA  Composition 


"Non- 
specific" 
RNA 


"Specific" 
RNA 


Supernatant 

RNA  after 

Removal  of 

"Specific" 


C 

A 
G 
U 


18.9  ±0.3 
25.0  ±  0.4 
30.6  ±  0.5 
25.5  ±  0.4 


19.0  ±  0.3 

26.1  ±  0.4 
31.1  ±0.5 
23.7  ±  0.4 


18.6  ±0.3 
25.1  ±  0.4 

31.1  ±0.5 

25.2  ±  0.4 


It  is  apparent  that  the  difference  in  com- 
position of  "specific"  RNA  and  the  total 
ribosomal  RNA  in  the  cell  is  only  margi- 
nal. Adenylic  acid  appears  to  be  about  4 
per  cent  richer  and  uridylic  acid  8  per  cent 
poorer  in  the  "specific"  material  as  com- 
pared with  the  total  RNA.  Although  these 
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differences  are  probably  real,  this  experi-  ammonium  bicarbonate  at  pH  8.6.    The 

ment  by  itself  was  not  considered  to  be  a  elution  of  the  oligonucleotides  was  carried 

sufficient  indicator  of  the  existence  of  spe-  out  by  a  linear  gradient  of  0.02  to  0.5  M 

cific   RNA's   within   the    total   ribosomal  ammonium   bicarbonate,   pH    8.6.    At   a 

material.  suitable  time,  the  remaining  absorbed  ma- 

Since  it  had  been  shown  (Year  Book  59)  terial  was  then  eluted  with  1  M  ammonium 

that  50S  and  30S  coli  RNA  are  slightly  dif-  bicarbonate.  The  recovery  of  material  from 

ferent  in  their  elution  from  DEAE,  it  was  the  column  was  not  less  than  96  per  cent  in 

thought  that  differences  in  elution  pattern  any  measurement. 

might  exist  between  the  yeast  "specific"  Figure  53  shows  the  oligonucleotide  pat- 

and   "nonspecific"   ribosomal  RNA.    Ac-  tern  of  elution  from  the  DEAE  column  by 

cordingly,  yeast  RNA  (mixed  with  P32  coli  the  ammonium  bicarbonate  gradient.    It 

RNA  as  an  internal  standard)  was  eluted  can  be  seen  that  cytidylic  acid,  uridylic 

from  a  DEAE  column  by  a  linear  gradient  acid,  and  most  of  the  di-  and  trinucleotides 

of  0.02  M  NaCl/0.01  M  tris  buffer,  pH  7 A,  were  separated.  The  materials  in  the  vari- 

to  0.8  M  NaCl/0.05  M  tris  buffer,  pH  8.8.  It  ous  peaks  were  identified  by  comparison 

was  thought  possible  that,  as  the  specific  with   the  known   elution  pattern  of  the 

yeast  RNA  might  be  more  homogeneous  oligonucleotides  and  also  by  the  changes  in 

than    the    nonspecific   yeast   RNA,   there  absorption  spectrum  between  240  and  300 

might  be  a  greater  spread  of  ultraviolet  mu  from  pH  8.6  to  pH  2. 

absorption  (compared  with  the  spread  of  The  results  from   partial  digestion  by 

radioactivity  of  the  internal  standard)  with  pancreatic  ribonuclease  do  not  show  any 

the  nonspecific  than  with  the  specific  RNA.  qualitative  difference.  They  do,  however, 

If  the  radioactivity  at  the  peak  was  com-  reinforce  the  differences  between  the  spe- 

pared  with  the  radioactivity  at  a  point  of  cific  yeast  ribosomal  RNA  and  the  nonspe- 

half  the  ultraviolet  absorption  on  the  trail  cific  RNA  observed  from  base  composition 

of  the  material,  the  ratio  analysis  and  elution  patterns  on  DEAE 

Specific  radioactivity  at  ^JfJ?"    h  {$  thu?  7^,  Probable  that 

peak  of  UV  absorption  the  RNA  precipitated  by  the  rabbit  anti- 

« r~ -j. — serum  from  yeast  differs  marginally  from 

.  t    ri    ir  i          •  the  total  RNA  in  the  yeast  ribosomes. 

point  or  hair  absorption  T    .              ,.,    ,      ,    /  ,                   £ 

r  It  is  quite  likely  that  the  enzyme-rorm- 

should  be  higher  for  the  nonspecific  than  jng  unit  (70S  ribosomes)  may  include  both 

for  the  specific  RNA  from  yeast,  owing  to  specific  and  nonspecific  components.  The 

the  greater  spread  of  the  nonspecific  peak,  nonspecific  components  would  obscure  any 

The  conditions  of  elution  were  made  as  differences  that  might  exist  in  the  specific 

nearly  identical  as  possible.  The  ratios  ob-  portions.    Fractionation   of   the   antisera- 

served  in  two  runs  of  the  specific  RNA  precipitated  70S  particles   before  analysis 

were  1.23  and  1.21;  the  nonspecific  RNA  might  then  show  one  fraction  having  a 

gave  ratios  of  1.35  and  1.32.  Thus  the  spe-  convincingly  different  composition. 

cific  RNA  has  a  slightly  sharper  peak. 

To  test  for  any  differences  in  nucleotide  t^- 

,    .  . ;.            .  .           ,       .            ,  Discussion 
sequences  (which  would  not  be  detected 

after  complete  hydrolysis)  the  specific  and  The  data  given  by  studies  of  the  base 
the  nonspecific  yeast  RNA's  were  digested  composition  are  considerably  less  certain 
with  pancreatic  ribonuclease  in  the  pres-  than  the  results  of  kinetic  studies,  provid- 
ence of  P32-labeled  coli  ribosomal  RNA  as  ing  only  indications  rather  than  definite 
the  internal  standard.  requirements  for  models  of  ribosome  syn- 
After  18  hours  at  37 °C  the  digests  were  thesis.  As  was  discussed  earlier,  these  meas- 
absorbed  on  a  DEAE  column  in  0.02  M  urements  are  subject  to  the  possible  varia- 


DEPARTMENT  OF  TERRESTRIAL  MAGNETISM 


311 


t 
i 

i 
l 

=L 

<x> 

£ 

00 

O 

X 

00 

CL 

OJ 

o 

1 

CS 

1 
1 

O 

1 

zL 

£ 

O 

CD 

CM 

AGC 
GAC 


-  40 


GGC 
GGU 
GAU/AGU 


20 


50  75 

Fraction  number 


100 


125 


ro 
O 
x 


"zs 

c 


Z3 
O 
O 

CM 

ro 
Q_ 


Fig.  53.  DEAE-ammonium  bicarbonate  analysis  of  pancreatic  ribonuclease  digestion  products  of 
a  mixture  of  P32-labeled  E.  colt  B  RNA  and  a  large  excess  of  unlabeled  yeast  "specific"  RNA.  A 
linear  elution  gradient  of  0.02  to  0.5  M  ammonium  bicarbonate,  pH  8.6,  was  used. 

tions  that  can  be  caused  by  unequal  label-  it  is  difficult  to  be  certain  that  differences 

ing  of  precursors  if  the  RNA  sequences  observed  among  fractions  or  differences  at 

are  not  random.   Furthermore,  the  entire  successive  time  intervals  are  truly  signifi- 

range  of  variation  in  guanylic  acid  content  cant. 

is  from  26  to  35  per  cent.  As  the  accuracy  In  spite  of  these  difficulties,  certain  facts 

of  any  one  determination  is  ±  1-2  per  cent,  seem    to    be    indicated    consistently    even 


TABLE  13.    Distribution  of  Mono-  and  Dinucleotides 


Nonspecific 

Specific 

Calculated 

Observed 

Calculated             Observed 

Mononucleotide 

19.69 

19.49 

18.2 

18.23 

C 

8.39 

8.53 

8.17 

8.43 

U 

11.30 

10.96 

10.12 

9.80 

Dinucleotide 

21.92 

20.88 

AC 

4.19 

4.24 

AU 

5.66 

5.29 

GC 

5.13 

5.05 

Nonspecific 
Specific 

Calculated 

Observed 

C 

1.027 

1.019 

u 

1.126 

1.103 

AC 

0.988 

0.991 

AU 

1.070 

1.050 
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though  they  are  not  yet  conclusively 
proved:  (1)  The  base  composition  of  the 
total  newly  formed  RNA  changes  slowly 
with  time,  resembling  that  of  30S  ribo- 
somes  at  the  earliest  times  when  accurate 
measurements  are  possible  (about  1 
minute)  and  approaching  the  base  compo- 
sition of  the  total  RNA  after  20  minutes. 
(2)  The  base  composition  of  the  newly 
formed  RNA  that  is  associated  with  large 
ribosomes  at  10~2  M  but  can  be  dissociated 
in  10~4  M  Mg  resembles  that  of  30S  ribo- 
somes. (3)  At  10~3  M  Mg  two  fractions  of 
this  newly  formed  RNA  can  be  separated. 
One,  remaining  associated  with  tie  ribo- 
somes, resembles  50S  particles  in  its  base 
ratios;  the  other,  which  dissociates  in 
10-3  M,  approximates  to  the  base  composi- 
tion of  DNA.  No  fraction  having  a  higher 
guanylic  acid  content  than  that  of  the  50S 
ribosomes  has  been  found.  (4)  Cells  grown 
in  broth  and  then  transferred  to  synthetic 
medium  show  a  markedly  reduced  synthe- 
sis of  RNA.  The  RNA  synthesized  shortly 
after  this  transition  has  a  base  composition 
approximating  that  of  DNA.  (5)  The 
RNA  formed  after  the  transition  shows 
many  of  the  properties  of  high  molecular 
weight  but  it  is  either  unusually  subject  to 
degradation  or  composed  of  oligonucleo- 
tides associated  with  larger  molecules. 

These  observations  indicate  a  complexity 
in  the  process  of  RNA  synthesis  that  is 
not  apparent  from  the  kinetic  studies.  Fur- 
thermore, they  amplify  the  kinetic  work, 
suggesting  modifications  in  the  models  and 
further  experiments  to  test  the  models. 
Ultimately  they  should  provide  a  new 
group  of  restrictions  on  the  models. 

The  time  change  in  the  apparent  base 
composition  is  particularly  significant.  It 
seems  quite  likely  that  unequal  labeling  of 
ribosomal  RNA  could  be  the  sole  cause  of 
the  observed  change,  as  Bolton  has  shown 
a  high  degree  of  randomness  in  ribosomal 
RNA  (Year  Book  59). 

Two  other  models  are  equally  capable 
of  providing  an  interpretation  of  the 
change  in  apparent  base  composition.  The 
first  model  is  shown  in  diagram  A. 


3    — * 

D-RN/ 

30  S 

c 

2         s^ 

\J 

to  r 

' 

/ 

"7     , 

!-RNA 

4    „ 

50  S 

^ 

Diagram 

A 

According  to  this  model  two  types  of 
RNA  are  formed.  One  (R-RNA)  has  the 
high  guanylic  acid  content  of  the  50S 
particles,  and  the  other  (D-RNA)  has  a 
composition  similar  to  that  of  DNA.  The 
difference  in  the  composition  of  the  30S 
and  50S  particles  (Year  Book  58)  arises 
because  the  30S  particles  contain  equal  pro- 
portions of  the  two  types.  For  short  periods 
of  P32  incorporation  the  composition  will 
resemble  that  of  the  30S  particles,  because 
equal  quantities  of  the  D-RNA  and 
R-RNA  are  formed  initially.  At  early  times 
most  of  the  newly  formed  RNA  is  in  the 
precursor  stages  of  eosomes  and  neosomes. 
Subsequently  part  of  the  D-RNA  is  trans- 
formed to  R-RNA  by  the  addition  of  ap- 
propriate nucleotides,  perhaps  during  the 
transition  from  eosomes  to  neosomes  or 
from  neosomes  to  ribosomes.  The  time 
course  of  the  transition  in  composition  will 
be  governed  by  the  time  to  saturate  the 
phosphorus  pool  with  P32  and  thus  will 
be  slow.  This  model  predicts  that  the 
kinetics  of  guanine  incorporation  should 
differ  from  the  kinetics  of  uracil  incorpora- 
tion, and  suitable  experiments  should  be 
capable  of  ruling  it  out. 

The  second  model,  shown  in  diagram  B, 
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has  many  features  in  common  with  the 
first.  It  differs  mainly  in  the  method  for 
converting  D-RNA  to  R-RNA.  This  model 
has  some  features  in  common  with  the 
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"messenger"  theory  but  differs  in  having 
a  lower  exchange  rate  and  in  incorporating 
a  part  of  the  D-RNA  material  directly  into 
ribosomes.  The  rapid  exchange  postulated 
in  the  messenger  theory  predicts  that  the 
apparent  base  composition  of  the  total 
RNA  should  be  like  that  of  DNA  for  short 
periods  of  P32  incorporation.  This  present 
model  predicts  a  base  composition  similar 
to  that  of  30S  particles  at  early  times. 
Kinetic  studies  reported  above  show  that 
the  common  source  of  material  indicated 
on  diagram  B  cannot  be  the  principal  pool 
of  TCA-soluble  nucleotides. 

Other  aspects  of  the  compositional  data 
are  interpretable  in  terms  of  either  model. 
Each  predicts  that  there  should  be  eosomes 
of  R-RNA  and  D-RNA  types.  Evidently 
the  R-RNA  type  is  less  readily  dissociated 
from  ribosomes  by  10"3  M  Mg. 

Kinetic  Studies  of  3-Galactosidase 
Induction 

The  time  course  of  enzyme  synthesis  fol- 
lowing the  addition  or  removal  of  an  in- 
ducer provides  one  of  the  most  important 
clues  to  the  mechanism  of  induction. 
Analysis  of  induction  kinetics  has  been 
used  frequency  to  support  one  or  another 
model  of  the  process. 

Enzyme  synthesis,  however,  comes  after 
a  long  and  complex  sequence  of  events, 
any  one  of  which  may  be  rate-limiting. 
Thus,  in  some  of  the  early  experiments 
the  enzyme  was  needed  to  release  energy 
for  its  own  production.  Accordingly  the 
time  course  had  predominant  exponential 
features.  This  complication  can  be  avoided 
by  the  use  of  inducers  that  are  not  sub- 
strates together  with  an  energy  supply  that 
is  not  influenced  by  the  enzyme.  The 
heterogeneous  response  of  the  population 
to  induction  at  less  than  saturating  con- 
centrations of  inducer  causes  another  dis- 
tortion of  the  induction  curve.  This  can 
be  eliminated  by  means  of  cells,  "cryptic 
mutants,"  lacking  the  concentrating  system. 

When  these  precautions  are  followed  the 
rate  of  enzyme  synthesis  is  rapidly  respon- 
sive to  changes  in  the  inducer  concentra- 


tion. In  fact,  the  response  is  so  rapid  that 
Herzenberg  found  "no  trace  of  an  auto- 
catalytic  tendency."  This  rapidity  of  the 
response  was  cited  by  Monod  as  evidence 
that  enzyme  induction  involved  activation 
of  existing  templates  rather  than  the  syn- 
thesis of  new  ones.  However,  the  concept 
of  existing  (but  not  activated)  stable  en- 
zyme-forming units  soon  encountered  seri- 
ous difficulties  in  explaining  the  results  of 
mating  experiments  by  Pardee,  Jacob,  and 
Monod.  In  these  experiments  enzyme  syn- 
thesis achieved  its  optimal  rate  within  a 
few  minutes  after  the  introduction  of 
DNA  from  genetically  competent  cells 
into  genetically  incompetent  recipients. 

The  evidence  for  immediate  induction 
was  derived  from  experiments  in  which 
samples  were  taken  at  10-  to  20-minute 
intervals.  Accordingly  it  seemed  desirable 
to  repeat  these  experiments  using  the  better 
time  resolution  that  can  be  obtained  simply 
by  taking  more  frequent  samples.  The  re- 
sults show  that  a  short  but  readily  meas- 
urable time  interval  is,  in  fact,  required 
before  the  cells  reach  their  final  rate  of 
synthesis.  The  data  support  the  concept  of 
unstable  enzyme-forming  units  which  are 
rapidly  created  upon  the  addition  of  the 
inducer. 

After  these  experiments  were  completed, 
a  paper  by  Pardee  and  Prestidge  appeared 
which  described  a  similar  series  of  experi- 
ments. Our  results  are  in  general  agree- 
ment with  theirs  and  provide  additional 
data. 

Kinetics  of  Enzyme  Induction 

E.  coli  ML  3,  a  galactoside  permease 
negative  strain  of  E.  coli  ML  30,  was  used 
throughout.  All  experiments  were  per- 
formed with  exponentially  growing  cells 
vigorously  aerated  and  maintained  at  37  °C 
with  maltose  as  the  source  of  carbon.  The 
synthesis  of  3-galactosidase  was  induced  by 
the  thiogalactosides  isopropyl  thio-3-D- 
galactoside  (IPTG)  and  methyl  thio-3-D- 
galactoside  (TMG),  both  gratuitous  in- 
ducers. The  inducer  was  added  at  the 
desired  time  and  concentration  to  expo- 
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nentially  growing  cultures.  Periodically 
samples  were  removed  and  added  to  tubes 
containing  2  drops  of  toluene.  The  tubes 
were  then  shaken  at  37  °C  for  30  minutes 
before  enzymic  assay. 

The  addition  of  IPTG  or  TMG  to  an 
exponentially  growing  culture  of  E.  coli 
ML  3  results  in  the  synthesis  of  [3-galacto- 
sidase  at  an  accelerated  rate.  In  figure  54 
the  time  course  of  3-galactosidase  induc- 
tion at  a  saturating  concentration  of  IPTG 
is  shown.   The  response  to  the  inducer  is 


Time  in  minutes 

Fig.  54.  Time  course  of  (3-galactosidase  in- 
duction for  E.  coli  ML  3.  5  X  10"*  M  IPTG  em- 
ployed as  inducer. 

rapid,  so  that  an  increase  in  enzymic  ac- 
tivity may  be  detected  within  15  to  30 
seconds. 

The  time  constant  (Tc)  of  the  transi- 
tion to  the  maximum  rate  of  enzyme  syn- 
thesis from  the  uninduced  level  may  be 
obtained  by  extrapolating  the  linear  part  of 
this  curve  to  the  abscissa  (time  axis).  For 
this  experiment  the  time  is  3.5  minutes. 
Slight  variations  in  time  are  observed  from 
experiment  to  experiment,  the  average  be- 
ing 3.0  minutes.  Times  of  less  than  2.5 
minutes  have  never  been  observed  even 


when  IPTG  at  a  concentration  of  10_1  M 
was  employed. 

At  saturating  concentrations  of  inducer, 
similar  induction  kinetics  have  been  ob- 
served for  ML  30  and  15  TAU",  two  galac- 
toside  permease  positive  strains  of  E.  coli. 

Effect  of  inducer  concentration  on  induc- 
tion kinetics.  Both  the  steady-state  rate  of 
enzyme  synthesis  and  the  time  required  to 
reach  the  steady  state  are  dependent  on 
inducer  concentration.  In  figure  55,  3-ga- 
lactosidase induction  for  several  concentra- 
tions of  IPTG  is  shown.  As  the  inducer 
concentration  is  decreased,  the  steady-state 
rate  of  enzyme  synthesis  decreases.  The 
time  required  to  reach  this  rate,  on  the 
other  hand,  increases  with  decreasing  in- 
ducer concentration.  The  quantity  of  en- 
zyme is  plotted  against  bacterial  mass. 
This  procedure  is  convenient  to  determine 
accurately  the  steady-state  rates  of  enzyme 
synthesis  especially  if  measurements  must 
be  made  over  several  generations. 

The  time  constant,  Tc,  may  be  obtained 
from  such  a  plot  by  extrapolating  the 
linear  part  of  the  curve  to  the  basal  enzyme 
level  and  converting  the  corresponding 
change  in  bacterial  mass  to  time.  When 
the  steady-state  rate  of  (3-galactosidase  syn- 
thesis is  fast  compared  with  the  basal  rate, 
extrapolation  to  either  the  abscissa  or  the 
basal  enzyme  level  gives  approximately  the 
same  constant  for  induction.  When  the 
rate  is  slow,  however,  extrapolation  must 
be  made  to  the  basal  enzyme  level  rather 
than  to  the  abscissa  to  avoid  considerable 
error  in  the  time  constant. 

In  figure  56  the  effects  of  various  IPTG 
concentrations  on  the  time  constant  and 
on  the  steady-state  rate  of  3-galactosidase 
synthesis  are  summarized  on  a  log-log  plot. 
This  is  a  convenient  procedure  for  deter- 
mining the  relationship  between  those  two 
parameters  and  the  inducer  concentration. 
The  experimental  curve  was  compared 
with  theoretical  curves  describing  various 
functions  of  /,  the  inducer  concentration. 

A  function  of  /  that  fits  the  experimental 
data  of  the  effect  of  IPTG  concentration 
on  the  reciprocal  of  the  time  constant  is 
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Fig.  55.  Induction  of  (3-galactosidase  at  several  concentrations  of  IPTG.  Basal  enzyme  is  the 
uninduced  level.  Bacterial  mass  is  given  as  the  absorbancy  at  650  mu.  One  milligram  wet  weight 
of  cells  per  milliliter  corresponds  to  an  absorbancy  of  0.400. 

//(/  +  K').  From  the  slope  of  the  curve 
K!  may  be  shown  to  be  5  X  10~5  mole  per 
liter.  Figure  56  also  shows  the  effect  of 
IPTG  concentration  on  the  steady-state 
rate  of  enzyme  synthesis.  A  fit  for  these 
data  is  given  by  the  function  I2 /(I2  +  K2), 
where  K  is  1  X  10~4  mole  per  liter. 

In  table  14  the  effects  of  TMG  concen- 
tration on  the  rate  of  enzyme  synthesis  and 
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TABLE  14.  Effects  of  TMG  Concentration  on 
the  Steady-State  Rate  of  (3-Galactosidase 
Synthesis  and  on  the  Time  Constant  of 
Induction 
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Fig.  56.  Log-log  plot  of  the  effect  of  various 
IPTG  concentrations  on  the  steady-state  rate  of 
(3-galactosidase  synthesis  and  on  the  time  con- 
stant. Experimental  data  presented  as  points. 
Closed  points  describe  effect  on  rate  of  synthesis. 
The  corresponding  line  is  theoretical  curve  of 
I2/ (I2  +  K) .  Open  points  describe  the  effect  of 
inducer  concentration  on  \/Tc  with  the  cor- 
responding line  that  of  1/(1 +  K').  TPTG  con- 
centration is  moles  per  liter. 
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Tc,  min 
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39.9 
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3 
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5.1 

4 

1  X  10~4M 

0.34 

12 

5X10~5M 

0.16 

22 

*  dE/dM  =  steady-state  rate  of  3-galactosidase 
synthesis,  given  as  the  change  in  the  number  of 
enzyme  units  per  increase  of  250  ug  wet  weight 
of  cells. 
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on  the  time  constant  are  summarized.  A 
log-log  plot  of  these  data  shows  that  at 
high  TMG  concentration  the  rate  of  {3- 
galactosidase  is  approximated  by  I2 /(I2  + 
K2),  where  K  equals  3.5  X  10~3  mole  per 
liter  but  deviates  from  the  theoretical  curve 
at  low  inducer  concentration.  The  recipro- 
cal of  the  time  constant  fits  the  equation 
//(/  +  K'),  where  K!  is  3  X  10~4  mole  per 
liter. 

Kinetics  of  enzyme  production  after  re- 
moval of  inducer.  The  induced  synthesis 
of  3-galactosidase  stops  after  the  removal 
of  the  inducer.  The  cessation  of  enzyme 
production  is  not  immediate,  as  was  re- 
ported previously;  there  is  a  short  transi- 
tion period  after  the  removal  of  inducer 
before  enzyme  synthesis  ceases.  The  transi- 
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Fig.  57.  The  kinetics  of  3-galactosidase  pro- 
duction after  dilution  of  the  inducer  concentra- 
tion. Induction  was  initiated  by  the  addition  of 
3  X  lO"1  M  IPTG  at  T  =  0.  After  34  minutes, 
an  aliquot  of  the  culture  was  diluted  threefold. 
Closed  points  are  measures  of  the  enzyme  pro- 
duction in  the  diluted  culture.  Values  have  been 
multiplied  by  3  for  presentation  on  this  graph. 

tion  is  conveniently  studied  using  a  culture 
of  E.  coli  ML  3  in  which  the  inducer  con- 
centration is  suddenly  decreased  to  a  low 
level  by  dilution.  Figure  57  shows  the  time 
course  of  enzyme  production  after  dilu- 
tion of  the  IPTG  concentration  from 
3  X  10"5  MtolX  10"5  M.  This  dilution 
causes  the  rate  of  enzyme  production  to 
decrease  by  a  factor  of  4.  A  transition 
period  of  approximately  3  minutes  is  ob- 
served before  the  new  rate  of  synthesis  is 
established.  The  rate  established  in  the 
presence  of  1  X  10"5  M  IPTG  after  dilu- 


tion is  the  same  as  that  observed  when  the 
induction  is  initiated  by  the  addition  of 
that  concentration  of  inducer. 

The  time  during  which  the  rate  of  en- 
zyme synthesis  decelerates  from  one  rate 
to  another  is  independent  of  the  time  re- 
quired to  reach  the  faster  rate  from  the 
lower  one,  thus  suggesting  different  mecha- 
nisms. For  example,  a  transition  time  of 
approximately  3  minutes  is  observed  when 
the  concentration  is  diluted  from  3  X  10~5 
MtolX  10"5  M  (fig.  57),  but  about  8 
minutes  is  required  to  achieve  the  faster 
rate  when  the  IPTG  concentration  is 
raised  from  1  X  10~5  M  to  3  X  10~5  M. 

The  glucose  effect.  The  stock  of  E.  coli 
ML  3  used  in  these  experiments  is  "glu- 
cose insensitive";  i.e.,  galactosidase  may  be 
induced  to  the  maximal  level  in  a  culture 
growing  exponentially  on  glucose.  The 
kinetics  of  induction,  however,  are  altered 
by  the  presence  of  glucose. 

If  10~2  M  glucose  is  added  simultaneously 
with  5  X  10"4  M  IPTG,  an  effect  on  the 
time  constant  of  induction  but  not  on  the 
steady-state  rate  of  enzyme  production  is 
observed  (Rg.  58).  The  time  constant  for 
induction  is  lengthened  from  3  minutes  to 
approximately  13  minutes  by  the  addition 
of  glucose.  By  decreasing  the  inducer  con- 
centration from  5  X  10~4  M  to  5  X  10"5  M, 
an  effect  of  glucose  not  only  on  the  time 
constant  but  also  on  the  steady-state  rate 
may  be  observed. 

If  glucose  is  added  after  the  induced  syn- 
thesis of  3-galactosidase  has  begun,  enzyme 
production  stops  or  slows  for  a  short  time 
and  then  returns  to  the  maximal  rate.  In 
the  experiment  reported  in  figure  58,  10~2 
M  glucose  was  added  4  minutes  after  the 
addition  of  5  X  10"4  M  IPTG.  The  rate  of 
enzyme  production  then  fell  to  one-eighth 
the  maximal  rate  with  a  transition  time  of 
about  2.5  minutes.  Six  minutes  later  the 
maximal  rate  was  re-established. 

The  slowing  down  of  3-galactosidase  syn- 
thesis after  the  addition  of  glucose  is  not 
due  to  a  general  effect  on  the  culture. 
Growth  as  measured  by  absorbancy  con- 
tinues at  the  same  rate,  and  the  incor- 
poration of  radiosulfur  into  proteins  is  un- 
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affected.  Also  the  re-establishment  of  the 
maximal  rate  is  not  due  to  the  depletion  of 
glucose.  Glucose  is  present  in  a  concen- 
tration high  enough  to  provide  growth  for 
several  generations.  The  time  following 
glucose  addition  while  enzyme  production 
slows  to  the  new  rate  is  the  same  as  that 
observed  after  the  removal  of  inducer  by 
dilution  (fig.  57) . 
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Fig.  58.  The  effect  of  glucose  on  (3-galac- 
tosidase  induction.  The  induction  was  initiated 
by  the  addition  of  5  X  10~4  M  IPTG  at  T  =  0 
(mass  =  0.280) .  10~2  M  glucose  was  added 
simultaneously  with  inducer  (squares)  or  4  min- 
utes after  the  inducer  (open  points) .  No  glucose 
was  added  in  the  control  (closed  points).  Bac- 
terial mass  is  given  as  absorbancy  at  650  mu. 
One  milligram  wet  weight  per  milliliter  corre- 
sponds to  an  absorbancy  of  0.400. 

Discussion.  The  time  course  of  induc- 
tion at  any  particular  concentration  of  in- 
ducer measures  two  quantities  of  theoreti- 
cal interest:  the  final  rate  of  enzyme  syn- 
thesis (S),  and  the  time  constant  of  the 
transition  of  the  new  rate  (Tc).  In  the 
mutant  ML  3  the  rate  does  not  depend  on 
the  past  history  of  the  cells. 


When  the  rate  is  plotted  as  a  function 
of  the  inducer  concentration  a  saturation 
curve  results.  For  the  inducer  IPTG, 

S  ~  I2 1  (I2  +  K2) 

This  relationship  indicates  that  reactions 
requiring  two  molecules  of  inducer  deter- 
mine the  rate  of  enzyme  synthesis. 

The  cause  of  the  delay  in  enzyme  syn- 
thesis is  not  immediately  obvious.  Kepes 
has  studied  the  time  required  for  the  ac- 
cumulation of  inducers  in  various  strains 
of  E.  coli.  With  ML  3  blocked  by  chloram- 
phenicol the  time  constant  for  the  accumu- 
lation of  TMG  at  26°  was  ^  6  minutes. 
In  his  experiments  it  was  necessary  to  wash 
the  cells,  and  so  his  results  pertain  only  to 
the  fraction  of  the  TMG  that  was  not 
readily  removed  by  washing. 

Pardee  and  Prestidge,  on  the  other  hand, 
have  carried  out  numerous  experiments  in- 
dicating that  the  time  required  for  the 
entry  of  the  inducer  does  not  limit  the 
rate  of  enzyme  induction. 

In  our  experiments  we  find  that  the  time 
constant  Tc  varies  with  the  concentration 
of  the  inducer  as  shown  in  figure  56. 

1/Tc  -1/(1  +  K') 

Such  a  relationship  would  not  be  expected 
if  the  delay  in  reaching  the  final  rate  were 
due  to  the  time  required  for  the  inducer 
to  penetrate  the  cell.  If  this  were  the  case 
no  delay  should  be  observed  at  the  high 
concentrations  of  inducer.  Furthermore, 
higher  concentrations  of  inducer  should  be 
required  to  give  minimal  delays  than  are 
required  to  give  maximal  rate  of  synthesis. 
In  our  experiments  concentrations  of  in- 
ducer that  give  minimal  delays  are  not 
sufficient  to  produce  maximal  rates  of  syn- 
thesis. We  therefore  concur  with  the  con- 
clusions of  Pardee  and  Prestidge  that  the 
entry  of  the  inducer  is  not  a  rate-limiting 
factor. 

When  the  rate  of  enzyme  synthesis  is  re- 
duced either  by  dilution  of  the  inducer  or 
by  the  addition  of  glucose,  the  time  con- 
stant of  the  transition  to  the  lower  rate 
is  2.5  to  3  minutes — the  same  as  the  time 
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constant  for  induction  at  saturating  concen-  ments  the  process  of  interest  was  obscured 

trations  of  inducer.    For  these  transitions  by  other  complicating  factors  and  in  others 

the  time  constant  should  be  determined  the  time  resolution  was  not  sufficient  to 

by  the  time  constant  for  the  decay  of  the  follow  the  rapid  changes  of  synthetic  rates, 

enzyme-forming  unit.  Thus  we  agree  with  The  experiments  described  above  provide 

Pardee   and  Prestidge  that   the  enzyme-  data  in  which  these  difficulties  appear  to 

forming  units  are  unstable  and  decay  with  be  lacking.  Thus  they  furnish  the  material 

a  time  constant  of  2.5  to  3  minutes.  for  one  more  attempt  to  discover  the  type 

The  rate  of  enzyme  synthesis  and  the  of  reactions  involved.    Furthermore,  the 

time   constant  for  induction  show  quite  data  include   a  number  of  experimental 

different    dependences    on    the    inducer  situations  that  provide  a  rigorous  test  of 

(whether  TMG  or  IPTG)    and   on  the  any  postulated  reaction  mechanism, 

concentration  of  inducer.  It  therefore  seems  The  experimental  data  are  the  quantities 

necessary   to  consider  that  induction   in-  of  cells  and   of  enzyme,   measured  as  a 

volves  two  different  reactions  of  the  in-  function  of  time,  through  a  period  when 

ducer  molecules :  one  influences  the  rate  the  concentrations  of  inducers  or  repressors 

of  synthesis,  and  the  other  afTects  only  the  vary  and  the  cells  respond  by  changes  in 

time  constant.  their  rate  of  enzyme  synthesis.   Since  the 

A  further  indication  of  the  existence  of  enzyme  itself  is  stable,  at  least  for  the 
two  separate  reactions  is  found  in  the  duration  of  the  experiments,  the  quantity 
temporary  inhibition  caused  by  glucose,  of  theoretical  interest  is  (dE/dt)/Q,  the 
The  repression  is  of  brief  duration  and  average  rate  of  enzyme  synthesis  per  cell, 
quite  unlike  the  permanent  repression  This  quantity  can  be  considered  to  be  a 
usually  reported.  Kepes  observed  that  measure  of  the  number  of  active  enzyme- 
glucose  caused  a  reduction  in  the  level  of  forming  units  per  cell  (N).  Thus  all 
intracellular  TMG.  However,  he  found  enzyme-forming  units  are  assumed  to  be 
no  indication  that  the  original  level  was  fully  active;  the  possibility  that  they  may 
re-established.  Thus  his  findings  might  have  different  rates  of  synthesis  is  ignored, 
pertain  more  to  the  situation  in  which  the  Relative  values  of  N  can  be  determined 
repression  was  permanent.  Alternatively,  readily  from  the  experimental  data;  con- 
the  addition  of  glucose  might  cause  the  versely,  if  N  can  be  predicted  by  theory, 
temporary  accumulation  of  a  repressive  the  expected  quantity  of  enzyme  can  be 
derivative,  but  such  a  product  would  not  calculated  for  comparison  with  experimen- 
be  expected  to  be  completely  removed  after  tal  data.  This  procedure  is  valid  only 
a  short  time  interval  even  though  an  when  the  experiments  show  that  (dE/ 
ample  supply  of  glucose  remained.  It  seems  dt)jQ  does  not  depend  on  E/Q,  the  quan- 
more  likely  that  the  glucose  affected  the  tity  of  enzyme  accumulated, 
reaction  controlling  the  time  constant  with-  The  experimental  data  show  that  upon 
out  effect  on  the  reactions  controlling  the  induction  N  approaches  the  steady-state 
final  rate.  level,  Ns,  as  shown  in 

N  =  Ns(l  -  ge~at  -  he-*)       (1) 

A  Model  for  the  Mechanism  of  Enzyme  where  g  +  n  =  l.   Furthermore,  the  data 

Induction  show  that 

Many  attempts  have  been  made  to  de-  N*  ""  I2 /{I2  +  K22) 

duce  the  underlying  mechanism  of  enzyme  and 

induction  from  measurements  of  the  time  p  -^  //(/  +  /C4) 

course  of  enzyme  synthesis.  The  data  avail-  where  /  is  the  concentration  of  inducer, 

able  have  not  been  adequate  for  this  pur-  The  two  separate  exponential  terms  are 

pose,   however,   because   in   some   experi-  required  to  allow  a  long   time  constant 
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for  induction  at  low  levels  of  inducer  and 
a  rapid  loss  of  N  when  the  inducer  is 
diluted  out. 

Such  an  equation  also  describes  the  ap- 
pearance of  material  in  the  second  compo- 
nent of  a  three-component  sequence  of  re- 
actions: 


Thus  the  form  of  the  induction  curve 
suggests  that:  (1)  The  enzyme-forming 
unit  is  not  a  stable  end  product  but  is  con- 
verted into  an  inactive  form.  (2)  The  en- 
zyme-forming unit  is  derived  from  a  pool 
of  precursor  material  that  must  be  accumu- 
lated. 

One  sequence  of  reactions  which  leads 
to  the  proper  form  of  the  induction  curve 
is  the  following: 

A  +  X-+AB  (2) 


AB  +  21  <^  ABI2 

ABI2->A  +  BI2 
BL^BI  +  I 

BI2  + Y-»N 


(3) 

(4) 
(5) 

(6) 

(7) 

Reaction  2  indicates  that  a  precursor  ma- 
terial, X,  accumulates  on  a  template,  A,  and 
is  polymerized  to  form  a  product,  B,  which 
remains  complexed  with  the  template,  A. 

Reaction  3  is  a  reversible  reaction  of  the 
complex  AB  with  two  molecules  of  in- 
ducer, I. 

Reaction  4  represents  the  dissociation  of 
the  complex,  ABI2.  This  releases  the 
product  BI2  and  frees  the  template,  A,  for 
further  synthesis. 

Together  reactions  2,  3,  and  4  determine 
the  inducer  dependence  of  the  steady-state 
level  of  N  but  have  no  influence  on  the 
time  constant. 


Reaction  5  is  a  reversible  dissociation  of 
BI2,  and  reaction  6  is  the  association  of  the 
complex,  BI2,  with  some  cellular  compo- 
nent, Y,  to  make  the  enzyme-forming  unit 
N.  Reaction  5  introduces  the  inducer-de- 
pendent  term  into  the  time  constant  with- 
out introducing  any  further  inducer  de- 
pendence in  Ns. 

Reaction  7  indicates  that  the  enzyme- 
forming  unit  is  unstable  and  disintegrates 
into  inactive  products,  Z. 

This  system  of  reactions  may  be  studied 
most  conveniently  by  noting  that  the  first 
three  provide  the  mechanism  of  producing 
BI2,  and  the  next  two  are  concerned  with 
its  fate. 

First,  let  us  find  a  relationship  for  the 
production  of  BI2  by  the  first  three  reac- 
tions. We  shall  assume  that  X  and  I  are 
present  in  sufficient  quantity  so  that  their 
concentrations  are  not  significantly  altered 
by  the  reactions.  We  shall  also  assume  that 
the  usual  "steady-state"  approximation  will 
be  adequate.  This  simply  means  that  the 
reaction  system  adjusts  to  a  change  of  con- 
ditions sufficiently  rapidly  so  that  the  inter- 
mediates are  always  at  their  steady-state 
concentrations,  or,  in  other  words,  that 
transients  are  quickly  damped  out.  Then 
we  have  for  the  rate  of  production  of  BI2, 

£bi2  =  ^[ABI2] 

with  the  conditions 

At  =  [A]  +  [AB]  +  [ABI2] 

conservation  of  A 

^i[X][A]  =  ^3[ABI2]      steady  state  for  A 

V'[AB][I]2  =  ^[X][A]  +  ^[ABI2] 

steady  state  for  AB 

where  At  is  the  total  available  A  in  the 
system.   Thus 

[i]2 


.RbI,   —  KzAt 


[I]2  +  K, 


where  we  define 


K, 


fr[X]fr 
fc[X]    +    *3 
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and 


K22  = 


_  *i[X](*.  +  fc') 


K(*i[X]  +  W 


Now,  turning  to  the  question  of  the  time 
dependence  of  BI2,  we  note  that 

d([Bh]  +  [BI])  __  MYirmi 

We  now  assume  that  Y  is  available  in 
sufficient  excess  that  its  concentration  is 
not  sensibly  time  dependent  and  that  re- 
action 5  is  sufficiently  fast  so  that  it  is  al- 
ways essentially  at  equilibrium;  i.e., 

[BI]  c-  ^  [BI2]     with  K,  =  \Sj\: 

Then  we  have 


that  the  cell  density,  Q,  is  essentially  un- 
changed.  Then 

§~<?EN] 

which  integrates,  with  the  initial  condition 
E  =  0  at  /  =  0,  to  give 

POr*  -  1)  ,  a  (<?-**  -  1) 


QN.it 


■ 


) 


a(p-et)         P(o-P) 

This  equation  predicts  that,  after  a  "time 
lag,"  there  will  be  a  linear  rise  in  enzyme 
concentration  and  the  rate  will  be  propor- 
tional to  [I] VCt1]2  +  ^2)>  m  agreement 
with  Boezi  and  Cowie.  If  the  linear  por- 
tion of  the  curve  is  extrapolated  back  to 
E  =  0,  it  will  intersect  the  abscissa  at  a 
time  Tc  given  by 

Tc=  (a  +  p)/ap 

Thus 


[i] 


dt 


which  integrates,  with  the  initial  condition 
that  [BI2]  =  0  at  t  =  0,  to  give  [BI2]  as 
a  function  of  time.  This  is  now  substituted 
in  the  equation  for  the  number  of  enzyme- 
forming  sites,  N, 

which  is  integrated,  with  the  initial  condi- 
tion N  =  0  at  t  =  0,  to  give 


To 


*.*.[Y][I] 


fcK.+  (*.  +  *.[Y])[I] 
[I]/([I]  +  K) 


[N]  =  AM  1 


( 


3 


p-a 


where 


Ns  = 


KzAt 


,-at 


[I]: 


a-P 


rA 


k*    [I]2  +  ^ 


a  =  ^6 
3  -  *.[Y] 


[I] 


[I]  +  X4 


Thus  we  have  obtained  an  equation  for  N 
of  the  form  called  for  in  equation  1. 

To  compare  with  the  actual  data  we 
must  now  find  the  concentration  of  the 
enzyme,  E.  Let  us  consider  the  case  where 
the  times  involved   are  sufficiently   short 


again  in  agreement  with  Boezi  and  Cowie. 

In  the  more  general  case  there  will  be 
some  cell  growth  during  the  process,  and 
this  must  be  taken  into  account  in  integrat- 
ing to  find  the  enzyme  concentration. 

The  reaction  sequence  postulated  was 
based  solely  upon  the  kinetics  of  induction 
and  the  loss  of  induction  upon  dilution  of 
the  inducer.  It  was  gratifying  therefore  to 
find  that  the  same  reaction  sequence  pro- 
vided a  mechanism  for  the  temporary  re- 
pression caused  by  glucose.  When  the  in- 
ducer concentration  is  high,  glucose  affects 
the  time  constant  of  induction  but  not  the 
final  rate  of  synthesis.  It  appears  to  com- 
pete with  the  inducer  in  reaction  5  but  not 
in  reaction  3.  Thus  the  complex  AB  seems 
to  show  a  greater  specificity  than  BI. 

When  glucose  is  added  to  cells  that  are 
already  induced  there  is  a  temporary  de- 
pletion of  BI2  by  glucose  substitution  for 
one  I,  thereby  shutting  off  the  production 
of  enzyme-forming  units.  Those  already 
present  decay,  and  the  rate  of  enzyme 
synthesis  drops  exponentially.  Glucose  does 
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not  influence  the  production  of  B;  hence 
B  accumulates  until  the  level  of  BI  is  re- 
stored. 

At  higher  ratios  of  glucose  to  inducer  the 
rate  of  enzyme  synthesis  is  also  reduced, 
presumably  by  competition  in  reaction  3. 

The  kinetics  of  induction  using  TMG 
in  place  of  IPTG  are  predicted  by  making 
suitable  changes  in  K2  and  K*.  K2  must 
be  decreased  by  a  factor  of  35  and  K*  by 
a  factor  of  6.  Again,  reaction  3  shows  a 
greater  specificity  than  reaction  5. 

Limitations  of  the  model.  These  equa- 
tions are  by  no  means  unique.  In  particu- 
lar, there  is  no  way  to  distinguish  by 
kinetic  analysis  whether  the  inducer  plays 
a  direct  active  role  as  indicated  or  whether 
it  inactivates  or  removes  a  repressor.  The 
form  of  the  equations  can  remain  un- 
changed when  written  in  terms  of  interac- 
tions between  inducer  molecules  and  a 
hypothetical  repressor. 

Furthermore,  these  reactions  are  un- 
doubtedly too  simple  and  represent  only 
reactions  that  predominate  in  the  range  of 
experimental  conditions  tested.  For  ex- 
ample, reaction  4  indicates  the  dissociation 
of  a  complex  containing  two  molecules  of 
inducer,  but  the  dissociation  of  a  complex 
with  one  molecule  of  inducer  is  ignored 
(ABI-»  A+  B  +  I).  The  divergence  be- 
tween the  theoretical  and  experimental 
curves  at  very  low  concentrations  of  in- 
ducer may  well  be  due  to  this  omission. 
The  effective  concentration  of  inducer  is 
assumed  to  be  the  external  concentration. 
The  time  required  for  the  inducer  to 
penetrate  the  cell  is  ignored.  Neither  have 
we  found  it  necessary  to  include  any  re- 
action of  the  inducer  with  the  enzyme- 
forming  unit  itself.  Such  a  reaction  might 
well  be  present  but  would  have  no  influ- 
ence in  the  experimental  data  if  it  saturated 
at  extremely  low  concentrations  of  inducer. 
In  short,  we  believe  that  these  reactions 
represent  one  of  the  simplest  formulations 
adequate  to  describe  the  prominent  fea- 
tures of  induction  of  3-galactosidase  in  the 
mutant  ML  3.  In  other  systems,  other  re- 
actions might  become  rate-limiting. 


Identification  of  the  cellular  components. 
The  reactions  postulated  become  much 
more  meaningful  if  the  symbols  A,  B,  etc., 
can  be  associated  with  known  cellular  com- 
ponents. However,  this  correlation  is  in- 
dependent of  the  validity  of  the  equations 
themselves  and  is  much  more  speculative. 
The  correlations  may  be  wrong  even 
though  the  equations  are  correct. 

It  seems  quite  certain  that  A  represents 
DNA.  Pardee  et  al.  have  shown  that  in- 
duction is  initiated  when  genetically 
competent  DNA  enters  a  cell.  It  seems 
equally  certain  that  N  must  represent  the 
70S  ribosomes,  as  they  have  been  shown  to 
be  the  principal  sites  of  protein  synthesis 
and  to  carry  a  small  portion  of  the  enzyme. 

B  and  Y  are  then  the  components  needed 
to  form  an  active  protein-synthesizing  unit. 
B,  the  unit  formed  on  the  DNA  template, 
has  the  characteristics  of  the  "messenger 
RNA"  postulated  by  Jacob.    Accordingly, 

Y  must  represent  the  bulk  of  the  active 
70S  particle.  Presumably  an  ample  supply 
of  Y  exists  before  induction  because  the 
time  course  of  ribosome  synthesis  is  slow 
compared  with  that  of  enzyme  induction. 

Y  must  therefore  be  nonspecific  or  only 
partly  specific. 

Alternatively,  B  could  represent  the 
eosome  or  neosome  stage  of  ribosome  syn- 
thesis during  which  these  precursors  of 
the  ribosome  acted  as  a  template  for  pro- 
tein synthesis.  The  half-life  of  the  eosome 
corresponds  closely  to  the  half-life  of  the 
enzyme-forming  unit. 

Z  represents  the  inactive  particles  after 
the  "messengers"  are  destroyed  or  the 
eosomes  are  converted  to  ribosomes. 

Since  B  reacts  specifically  with  the  in- 
ducer it  is  attractive  to  postulate  that  B 
also  carries  at  least  the  active  site  of  the 
enzyme.  If  so,  X  must  represent  the  amino 
acid  precursors  of  the  enzyme  in  addition 
to  the  nucleotide  precursors  of  the  RNA. 

We  have  no  confidence  that  this  model 
will  survive  long.  It  is  quite  definite  and 
therefore  highly  vulnerable  to  experimen- 
tal disproof.  It  does,  however,  unify  a  wide 
variety  of  experimental  data.  Furthermore, 
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it  indicates  an  additional  reaction  that 
might  take  part  in  the  regulation  of  en- 
zyme synthesis,  namely,  the  association  of 
the  newly  formed  RNA  with  an  existing 
particle  to  create  an  enzyme-forming  unit. 
This  association  could  be  blocked  or  facili- 
tated by  alterations  in  the  protein  of  the 
ribosomes  and  thus  controlled  by  genes  re- 
mote from  the  genes  determining  the  struc- 
ture of  the  enzyme. 

Other  Experiments 
Ribosomal  Enzymes 

In  Year  Book  59  the  association  of  a 
small  fraction  of  the  (3-galactosidase  of  a 
cell  with  the  ribosomes  was  described.  It 
was  found  that  the  quantity  of  ribosomal 
enzyme  increased  considerably  upon  in- 
duction but  the  kinetics  of  the  increase 
were  not  measured. 

If  this  ribosomal  enzyme  were  newly 
formed,  its  quantity  would  provide  a  meas- 
ure of  the  number  of  active  enzyme-form- 
ing units  in  the  cell.  As  the  maximal  rate 
of  enzyme  formation  is  rapidly  established 
(about  2l/2  minutes)  after  the  addition  of 
the  inducer  it  was  expected  that  the  quan- 
tity of  ribosomal  enzyme  might  achieve 
its  maximum  level  with  equal  rapidity. 

Samples  were  taken  at  intervals  after 
the  addition  of  the  inducer  to  a  culture  of 
growing  E.  coli.  They  were  chilled,  washed, 
and  broken,  and  ribosome  pellets  were 
prepared  by  centrifugation.  A  second  cycle 
of  centrifugation  reduced  the  contaminat- 
ing soluble  enzyme  sufficiently  so  that  it 
did  not  interfere  with  the  determination 
of  the  ribosomal  enzyme  separated  by  sedi- 
mentation of  a  layer  through  a  sucrose 
gradient.  The  quantity  of  ribosomal  en- 
zyme was  estimated  to  be  the  part  of  the 
enzyme  that  followed  the  sedimentation 
pattern  of  the  ribosome.  The  entire  pro- 
cedure was  carried  out  using  10~2  M  tris 
buffer,  /?H  7.4,  with  a  Mg  concentration 
of  10-2  M. 

The  quantity  of  ribosomal  enzyme 
(judged  by  this  criterion)  continued  to  rise 


throughout  the  induction  period.  Further- 
more, the  quantity  did  not  decrease  when 
the  inducer  was  removed.  Thus  the  newly 
formed  enzyme  can  only  be  a  minor  frac- 
tion of  the  total  quantity  found  to  sediment 
at  the  same  rate  as  ribosomes. 

The  quantity  of  ribosomal  enzyme  was 
also  found  to  depend  markedly  on  the 
method  of  breaking  the  cells.  Cells  broken 
in  the  French  press  showed  only  one-tenth 
the  quantity  of  ribosomal  enzyme  that  was 
found  when  the  same  culture  was  broken 
by  grinding  with  aluminum  or  by  the 
lysozyme-freeze-thaw  technique. 

Thus  the  quantity  of  ribosomal  enzyme 
depends  both  on  the  quantity  of  enzyme 
accumulated  in  the  cell  and  on  the  method 
of  breaking  the  cell.  Perhaps  this  indicates 
that  the  association  is  formed  at  the  instant 
of  breakage.  In  any  event,  coincidence  in 
sedimentation  is  not  a  sufficient  criterion 
to  distinguish  newly  formed  enzyme. 

Cell-Free  Synthesis 

RNA  synthesis.  Nirenberg  and  Matthei 
of  the  National  Institutes  of  Health  have 
studied  the  properties  of  a  cell-free  system 
prepared  from  broken  E.  coli  in  which  the 
incorporation  of  labeled  amino  acids  into 
protein  is  reduced  when  the  system  is 
treated  with  DNase.  As  the  system  requires 
the  ribonucleoside  triphosphates  for  full 
activity,  it  appeared  that  RNA  synthesis 
might  be  occurring.  A  cooperative  experi- 
ment was  carried  out  to  look  for  any  RNA 
synthesis  and  to  find  whether  RNA  synthe- 
sis was  affected  by  the  DNase  treatment. 

A  mixture  of  P32-labeled  RNA  pre- 
cursors was  prepared  by  adding  P32  to 
E.  coli  shortly  after  the  transfer  of  a  grow- 
ing culture  to  a  phosphorus-free  medium. 
After  a  10-minute  period  of  incorporation 
the  cells  were  harvested  and  extracted  with 
80  per  cent  ethanol.  The  alcohol  was  re- 
moved by  evaporation,  and  portions  of  the 
crude  extract  were  added  to  the  cell-free 
system. 

In  one  sample  the  tracer  mixture  was 
added  to  the  cell-free  system  and  frozen  im- 
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mediately.  In  another  the  preparation  was 
incubated  for  1  hour  at  35°  before  freezing. 
In  a  third  the  preparation  was  treated  with 
DNase  before  addition  of  the  P32  tracer 
and  then  was  incubated  for  1  hour  at  35°. 
Each  sample  was  subsequently  thawed, 
and  the  entire  content  was  adsorbed  to 
DEAE  for  analysis.  The  resolution  of  the 
column  was  sufficient  to  separate  the  ribo- 
somal  region  where  the  count  was  rela- 


is  similar  in  composition  to  the  eosomes 
synthesized  in  the  growing  cell. 

Although  this  experiment  has  been  car- 
ried out  only  twice,  it  seems  remarkably 
free  from  the  usual  problems  of  contamina- 
tion by  whole  cells.  Whole  cells  are  not 
eluted  from  the  column,  and,  if  active  for 
an  hour,  they  would  produce  principally 
ribosomes.  Thus  the  experiment  gives  sup- 
port to  the  hypothesis  that  eosome  synthesis 
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Fig.  59.    DEAE  analysis  of  broken-cell  preparations  after  incubation  with  P32-labeled  cell  extracts. 


tively  small  (150  cpm  per  sample)  from  the 
trail  of  the  very  large  peak  (300,000  cpm 
per  sample)  due  to  the  added  tracer  ma- 
terial. The  elution  diagrams  in  figure  59 
show  (by  ultraviolet  absorption)  the  pres- 
ence of  ribosomes  eluting  at  0.4  M  and  a 
shoulder  due  to  S-RNA  at  0.5  M.  These 
components  were  present  in  the  original 
cell  extract. 

The  radioactivity  appears  partly  at  0.5  M, 
as  would  be  expected  if  S-RNA  were  syn- 
thesized, but  mostly  in  the  0.6  M  peak 
typical  of  eosomes.  The  control  shows  only 
a  little  radioactivity,  and  the  preparation 
treated  with  DNase  shows  roughly  the 
same  quantity  in  the  S-RNA  region  but 
little  in  the  eosome  region. 

The  nucleotide  composition  of  the  ma- 
terial in  the  eosome  region  was  measured 
by  isotope  dilution  and  was  similar  to 
that  of  30S  ribosomes.  The  material,  then, 


requires  DNA  and  that  eosome  synthesis  is 
needed  for  continued  protein  synthesis. 

An  assay  for  template  material.  Accord- 
ing to  the  "messenger"  hypothesis,  tem- 
plate material  is  rapidly  destroyed  after 
performing  its  function.  If,  however, 
eosomes  act  as  templates  they  are  not 
destroyed  but  buried  when  they  are  in- 
corporated into  ribosomes.  According  to 
the  messenger  theory  the  cells'  content  of 
the  template  material  for  an  induced  en- 
zyme should  reach  its  maximum  as  soon 
as  enzyme  synthesis  achieves  its  full  rate. 
There  should  be  no  accumulation  of  tem- 
plates during  a  period  of  full  induction, 
and  the  content  should  fall  promptly  to 
the  uninduced  level  upon  deinduction.  Ac- 
cording to  the  eosome  hypothesis,  template 
material  should  accumulate  (in  an  inactive 
form)  throughout  the  induction  period 
and  should  remain  after  deinduction.  To 
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distinguish  between  these  alternatives  an 
assay  for  template  material  is  required. 

The  observations  of  Nirenberg  and 
Matthei  that  ribosomal  RNA  could  stimu- 
late amino  acid  incorporation  encouraged 
us  to  try  a  simple  broken-cell  preparation 
as  an  assay  for  template  RNA.  A  strain 
of  E.  colt  lacking  the  p-galactosidase  gene 
was  used  so  that  there  would  be  no  pos- 
sible synthesis  of  (3-galactosidase  (even  by 
residual  unbroken  cells)  unless  the  tem- 
plate material  or  its  gene  were  added. 

RNA  was  prepared  by  the  phenol 
method  from  ribosomes  of  cells  (ML-3)  in 
four  different  states  of  induction :  (a)  non- 
induced,  (b)  induced  10  minutes  to  achieve 
full  rate  of  enzyme  synthesis,  (c)  after  2 
hours  of  maximal  synthesis,  (d)  deinduced 
for  40  minutes  after  2  hours  of  induction. 

These  different  RNA's  were  added  to 
the  broken-cell  preparation  together  with 
the  usual  additives  prescribed  for  cell-free 
synthesis.  After  30  minutes'  incubation  the 
preparations  were  assayed  for  their  ability 
to  hydrolyze  ONPG. 

Preliminary  experiments  along  these 
lines  have  been  promising.  The  back- 
ground is  extremely  low,  and  the  controls 
(cells  without  added  RNA  or  RNA  with- 
out cells)  show  no  detectable  hydrolysis  of 
ONPG  after  2  days  at  room  temperature. 
Some  hydrolysis  was  observed  using  RNA 
from  culture  (b)  and  at  least  tenfold  more 
with  RNA  from  culture  (c).  RNA  from 
culture  (d)  showed  considerably  more  ac- 
tivity than  RNA  from  (a)  or  (b)  but  less 
than  RNA  from  (c). 

Further  work  is  needed  to  improve  the 
capability  of  the  system  and  to  exclude  any 
possibilities  of  activating  latent  enzymes. 
At  present  the  results  indicate  the  accumu- 
lation and  retention  of  template  material 
in  the  cells. 

5-Fluorouracil 

It  has  been  found  by  Chargaff  et  al.  that, 
in  the  presence  of  small  amounts  of  5-flu- 
orouracil  (FU)  in  the  absence  of  added 
uracil,  the  E.  coli  mutant  15TATJ~,  which 


requires  thymine  (T),  arginine  (A),  and 
uracil  (U),  will  continue  to  incorporate 
S36  into  the  protein  of  the  cell  for  periods 
up  to  1  hour.  Little  of  the  FU  was  found 
to  enter  the  cell  during  exposure  to  the 
analog  (Year  Book  59). 

These  experiments  were  continued  to 
determine  where  this  small  amount  of 
analog  exerted  its  effect  in  the  cell.  Deple- 
tion of  the  exogenous  uracil  was  achieved 
by  growing  the  mutant  with  a  small  quan- 
tity of  uracil,  sufficient  to  allow  growth 
of  the  cells  for  about  20  minutes,  after 
which  growth  and  the  rate  of  protein  syn- 
thesis declined  markedly.  After  10  minutes 
of  uracil  depletion,  5-fluorouracil  (20  mg/1) 
was  added  to  the  culture.  The  absorption 
of  the  culture  at  650  mu  increased  shortly 
afterward,  indicating  further  growth. 

C14-labeled  FU  was  used  to  measure  in- 
corporation into  the  ribosomal  RNA  of  the 
cells.  After  10  minutes'  incorporation,  the 
cells  were  broken  and  analyzed  on  DEAE. 
Figure  60  shows  that  the  analog  entered 
the  cell  but  that  it  remained  unassociated 
with  the  ribosomal  RNA.  Almost  the 
whole  of  the  incorporated  analog  eluted  at 
0.25  M,  only  about  2  per  cent  being  in- 
corporated into  the  ribosomes.  It  was  also 
of  interest  to  note  that  only  one  type  of 
compound  containing  the  analog  was  pro- 
duced in  any  quantity. 

A  similar  experiment  was  performed 
using  P32(>4— .  In  this  experiment  the  label 
was  added  10  minutes  after  addition  of  the 
analog  to  the  medium.  Figure  61  indicates 
the  presence  of  two  peaks,  not  prominent 
in  normal  growing  cells.  One  of  these  (Z) 
is  probably  identical  to  the  peak  observed 
with  C14-fluorouracil,  eluting  at  0.25  M 
NaCl.  The  other  (Y)  elutes  at  0.185  M 
NaCl,  and  has  1.5  times  the  P32  in  it  as  the 
Z  peak. 

To  determine  whether  these  compounds 
were  originally  attached  to  ribosomal  ma- 
terial, P32-labeled  cell  juices  were  centri- 
fuged  (40K  180)  to  remove  most  of  the 
ribosomal  RNA.  Analysis  on  DEAE 
showed   that   the   supernatant   fluid   con- 
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Fig.  60.  DEAE  analysis  of  a  complete  broken-cell  extract  of  15TAU~  after  20  minutes'  growth  in 
the  presence  of  C14-fluorouracil  (20  mg/1).  Note  radioactivity  in  peak  (Z)  eluting  at  0.25  M  and 
lack  of  radioactivity  in  ribosome  {A)  and  ribosome  precursors. 
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Fig.  61.    DEAE  analysis  of  complete  cell  juice  from  15TAU~  grown  in  +T,  +A,  +5-FU,  — U 
conditions  for  10  minutes  in  the  presence  of  P82. 
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tained  as  much  of  the  two  substances  as 
the  whole  cell  extract.  In  contrast,  the 
ribosomal  pellet  contained  very  little  (less 
than  1  per  cent)  of  the  peaks  Y  and  Z. 

The  nature  of  these  materials  was  next 
investigated.  The  use  of  Sephadex  G25 
indicated  that  the  molecular  weight  of 
both  Y  and  Z  is  under  2000,  and  their  re- 
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Fig.  62.  Two-dimensional  chromatogram  of 
substances  labeled  by  P32  in  a  40K  240  super- 
natant of  broken  15TAU~  cells,  during  a  10-min- 
ute  period  of  growth  in  +T,  +A,  +5-FU, 
— U  medium.  Twenty  milligrams  per  liter  of 
5-FU  was  supplied  after  growth  in  a  +T,  +A, 
+U  medium  had  slowed  as  the  result  of  the 
running  out  of  U.  Five  minutes  later,  P32  was 
added  and  samples  were  taken  during  a  30- 
minute  period. 

tention  times  were  almost  identical,  in- 
dicating similarities  in  size.  Two-dimen- 
sional chromatography  of  the  cell  juice 
showed  several  compounds  present  after 
10  minutes'  labeling  with  P3204-  in  +  T, 
+  A,  +FU  conditions  as  diagrammatically 
represented  in  figure  62.  A  pulse  and  chase 
were  also  carried  out  to  determine  the  turn- 
over of  the  materials  detected  by  auto- 
radiography. The  first  spot  to  indicate 
radioactivity  was  I,  probably  ATP.  Within 
3  minutes,  spots  Y,  Z,  and  II  also  appeared 


in  the  autoradiogram.  The  positions  of  Y 
and  Z  were  checked  by  comparing  an  auto- 
radiogram of  purified  Y  and  Z.  Upon 
chasing  with  P3104— ,  spots  I  and  II  quickly 
disappeared,  but  Y  and  Z  were  stable  and 
remained  throughout  the  period  of  chas- 
ing. It  thus  appears  that  the  phosphorus 
in  the  Y  and  Z  peaks  does  not  turn  over 
rapidly  once  the  compounds  are  formed,  in 
contrast  to  the  labile  phosphorus  molecules 
of  ATP,  etc. 

From  the  position  of  the  spots  Y  and  Z 
on  the  chromatogram,  it  was  suspected  that 
both  materials  might  contain  pyrimidine 
nucleotides.  HCl  hydrolysis  followed  by 
chromatography  in  ammonium  sulfate  in- 
dicated that  Y  contained  uracil,  and  that  Z 
contained  FU.  The  high  ratio  of  P32/UV, 
the  position  of  the  materials  in  two-dimen- 
sional paper  chromatography,  and  the 
ready  liberation  of  some  of  the  P32  on 
gentle  hydrolysis  suggest  that  the  com- 
pounds may  be  5-polyphosphate  forms. 

In  the  presence  of  5-fluorouracil,  many 
strains  of  bacteria  accumulate  cell-wall 
derivatives  such  as  UDP-N-acetylgluco- 
samine  amino  acids.  Accordingly,  S3504= 
was  substituted  for  P3204-  to  detect  the 
presence  of  sulfur  amino  acids.  DEAE 
analysis  of  broken-cell  extracts  (40K  180 
SN)  indicated  that  both  Y  and  Z  contained 
an  S35  component  in  addition  to  the  nucleo- 
tide components  (fig.  63).  A  similar  C14 
amino  acid  mixture  gave  identical  radio- 
active peaks.  In  both  cases,  however,  it  was 
necessary  to  precipitate  protein  which 
otherwise  would  obscure  the  Y  and  Z 
peaks.  Possible  turnover  of  S35  in  the  Y 
and  Z  peaks  was  next  investigated  by  the 
use  of  a  10-minute  pulse  of  S3504=  in  +T, 
+  A,  +FU,  —  U  conditions  followed  by  a 
chase  using  excess  S32  methionine  and  S32 
cysteine.  The  chase  was  carried  out  for 
10  minutes.  During  incorporation  of  S35, 
radioactivity  appeared  in  glutathione,  Y 
and  Z.  S35  also  entered  the  proteins  of  the 
cell.  Upon  chasing,  the  radioactivity  in  the 
Z  peak  disappeared  within  40  seconds,  but 
that  of  the  Y  peak  and  glutathione  re- 
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Fig.  63.  DEAE  analysis  of  TCA-soluble  components  of  cell  juice.  The  cells  (15TAU_)  were 
grown  in  +T,  +A,  +5-FU,  — U  conditions  in  the  presence  of  S3504—  for  20  minutes.  Label  also 
entered  the  amino  acids  of  protein,  which  was  precipitated  by  5  per  cent  TCA  to  prevent  obscura- 
tion of  peaks  Y  and  Z. 


mained  almost  unchanged.  After  10 
minutes,  the  S35  in  the  Y  peak  had  also 
been  chased  out,  leaving  radioactivity  still 
in  the  glutathione.  There  is  thus  some 
evidence  that  amino  acids  of  Y  and  Z  peaks 
turn  over,  the  Z  component  turning  over 
faster  than  the  Y.  As  the  amounts  of  Y 
and  Z  are  unknown,  and  their  rate  of  turn- 
over is  as  yet  only   crudely   determined, 


nothing  can  be  said  to  relate  the  turnover 
of  S35  in  them  with  the  entry  of  S35  into 
protein. 

A  comparison  was  next  made  between 
the  DEAE  elution  pattern  of  15TAU~  in 
+  T,  +A,  +FU,  —  U  conditions  and  that 
of  E.  coli  strain  B  in  media  containing  the 
same  quantity  of  analog.  Figure  64  shows 
the  DEAE  analysis  of  P32-labeled  material 
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Fig.  64.    DEAE  analysis  of  material  from  E.  coli  B  cells  grown  in  the  presence  of  5-FU  and  P32. 
No  peaks  eluting  at  0.18  M  and  0.25  M  NaCl  are  visible. 
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from  broken  whole  cells  of  E.  coli  B  given 
10  minutes'  exposure  in  the  presence  of 
5-fluorouracil  (20  mg/1).  Although  a  new 
peak  appears  which  elutes  at  0.145  M  NaCl, 
no  peaks  are  found  at  0.18  M  or  0.25  M. 
Also,  the  amount  of  P32  entering  the  ribo- 
somal  peak  is  much  greater  than  with 
15TAU~.  One  of  the  most  noteworthy  fea- 
tures of  15TAU_  grown  in  +  FU,  —  U  con- 
ditions is  the  relative  absence  of  P32  in  the 
ribosomes,  or  indeed  in  any  ribosomal  pre- 
cursors. 

In  view  of  the  widespread  effects  of  5- 
fluorouracil  on  the  metabolism  of  micro- 
organisms, it  is  difficult  to  decide  where 
the  analog  is  acting  to  allow  protein  synthe- 
sis to  continue.  Similar  amounts  of  the 
natural  uracil  allow  synthesis  for  only  a 
short  period.  Since  proteins  are  formed 
without  concurrent  ribosome  synthesis 
when  Y  and  Z  have  accumulated,  these 
compounds  seem  to  deserve  further  study 
to  determine  whether  they  play  any  role  in 
protein  synthesis. 

DEAE  Chromatography  of  Ribosomes 

References  to  the  use  of  DEAE  cellulose 
columns  for  the  chromatography  of  ribo- 
somes have  appeared  in  the  last  three 
Year  Books.  In  particular  it  has  been  sug- 
gested that  under  some  conditions  it  is 
possible  to  obtain  nucleoproteins  that  have 
lost  a  certain  fraction  of  their  protein  as  a 
result  of  chromatography.  Since  chroma- 
tography has  been  used  extensively  this 
year  to  study  ribosome  synthesis,  many  of 
these  experiments  have  been  repeated  for 
purposes  of  clarification. 

In  the  first  place,  it  has  been  shown  that 
if  the  magnesium  concentration  is  kept 
sufficiently  high  during  the  elution  no 
diminution  of  the  protein  content  of  the 
resulting  ribosome  occurs.  Two  separate 
batches  of  carefully  purified  ribosomes 
were  studied.  70S  ribosomes  were  selected 
from  a  cell  extract  by  a  40-minute  centrifu- 
gation  at  40,000  rpm  and  purified  by 
means  of  three  further  similar  centrifuga- 
tions  and  resuspensions.   Finally  the  pro- 


tein :RNA  ratio  of  70S  ribosomes  was 
determined  by  sedimentation  analysis  in 
a  sucrose  gradient.  One  sample  of  ribo- 
somes was  made  from  cells  randomly 
labeled  with  S35,  and  the  protein:  RNA 
ratio  was  expressed  therefore  as  the  ratio 
of  TCA-precipitable  S35  cpm  to  optical 
density  at  260  m|j.  For  the  other  sample 
ribosomes  were  prepared  from  cells  ran- 
domly labeled  both  with  C14-leucine  and 
P32,  and  the  ratio  was  expressed  as  TCA- 
precipitable  C14  cpm  to  P32  cpm. 

A  study  was  then  made  of  the  elution 
pattern  resulting  from  chromatography  as 
a  function  of  magnesium  concentration. 
The  ribosomes  were  always  loaded  on  the 
column  in  tris-HCl  0.01  M,  pH  7.4,  MgCl2 
0.01  M .  Elution  was  carried  out  by  means 
of  a  linear  NaCl  gradient  from  zero  to 
1.0  M  NaCl  in  the  tris  HC1  0.01  M,  pH  7.4, 
buffer  containing  MgCL  at  a  range  of 
concentrations  from  10~2  to  10~4  M. 

Figure  65  shows  the  elution  pattern  for 
the  S35-labeled  ribosomes  in  10"2,  5  X  10~3, 
2.5  X  10"3,  and  10"3  M;  and  table  15  lists 
the  approximate  protein  :RNA  ratios  of 
the  various  peaks  obtained  relative  to  the 
70S  obtained  from  the  swinging  bucket  for 
both  ribosome  preparations.  At  10~2  M 
only  a  single  peak  is  visible  at  0.4  M  NaCl, 
and  this  has  the  same  protein  content  as 
the  original  ribosomes.  These  can  be  shown 
to  be  undegraded  50S  and  30S  ribosomes. 
At  5  X  10~3  M  a  second  peak  appears  at 
about  0.5  M  NaCl  having  only  some  25  to 
30  per  cent  of  the  original  protein.  It 
should  be  emphasized  here  that  quantita- 
tive recovery  of  RNA  was  obtained 
throughout  these  experiments  so  that  the 
low  protein :  RNA  ratios  reflect  loss  of  pro- 
tein. At  lower  concentrations  of  magne- 
sium the  0.5  peak  first  increases  and  then 
decreases  as  a  third  peak  at  0.6  M  NaCl 
appears.  This  last  component  has  an  esti- 
mated protein  content  of  about  5  per  cent 
of  the  original  ribosomes.  Very  similar 
results  were  obtained  from  the  leucine- 
labeled  ribosomes,  and  it  is  therefore  likely 
that  these  differences  reflect  proportionate 
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Fig.  65.    Chromatography  on  DEAE  cellulose  of  purified  70S  ribosome  randomly  labeled  with 
S35  linear  NaCl  gradient  from  zero  to  1.0  M  in  tris-HCl  0.01  M,  pH  7A,  containing:  (a)   10~2  M 
MgCl2,  (b)  5  X  10-3  M  MgCl2,  (c)  2.5  X  IO"3  M  MgCl2,  (d)  IO"3  M  MgCl2.   Salt  gradient  0.004 
M/ml. 

TABLE  15.    Effect  of  Magnesium  Concentration  on  Chromatography  of  Ribosomes  on  DEAE 

Cellulose 


Concentration  of  Mg++  Protein  Content  of  Nucleoproteins 


During  Elution 


Relative  to  70S  Ribosomes 


0.4  M  NaCl 

0.5  M  NaCl 

0.6  M  NaCl 

Peak 

Peak 

Peak 

0.99 

0.98 

0.24 

0.84 

0.32 

0.15 

0.28 

0.08 

0.24 

0.06 
0.05 

I.  S35-labeled  ribosomes 

10-2 

5X10"3 
2.5  X  10-3 

io-3 

3  X  IO"3 
10-4 

II.  C14-Leucine-labeled  ribosomes 

io-2 

5  X  IO"3 
3.7  XIO"3 
2.5  X  IO"3 

io-3 


1.02 

0.98 

0.26 

1.03 

0.23 

0.20 

0.06 

0.27 

0.05 

Protein  contents  expressed  as  relative  to  70S  ribosomes  purified  by  sedimentation  analysis  in  a 
sucrose  gradient. 

I.  Protein:RNA  ratios  expressed  as  S35  cpm/O.D.  at  260  mu  (cells  randomly  labeled  with  S35). 

II.  Protein :RNA  ratio  expressed  as  C14  cpm/P32  cpm   (cells  randomly  labeled  with  P32  and 
Cl4leucine). 
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losses  in  protein  content  rather  than  the 
loss  of  sulfur-rich  proteins. 

In  the  kinetic  analysis  of  ribosome  syn- 
thesis it  was  shown  that  the  two  precursors 
eluted  at  0.6  M  and  0.5  M  NaCl.  The  posi- 
tions and  peak  shapes  of  the  two  precursors 
coincide  very  well  with  the  two  artificially 
produced  nucleoprotein  peaks.  It  is  tempt- 
ing to  believe  that  the  combined  effects  of 
low  magnesium  concentration  and  the 
DEAE  cellulose  column  have  succeeded  in 
degrading  ribosomes  back  to  neosomes  and 
eosomes.  Further  experiments  are  in  prog- 
ress aimed  at  measuring  the  sedimentation 
coefficients  of  the  0.5  and  0.6  M  peaks.  The 
work  of  Waller  and  Harris  has  shown 
great  complexity  in  ribosome  proteins.  It 
may  therefore  be  possible  to  study  the 
locations  of  different  proteins  in  ribosomes 
by  selecting  a  given  fraction  of  the  ribo- 
some protein  with  these  gentle  procedures. 
Modified  DEAE  analysis  for  RNA.  It 
has  been  reported  (Year  Book  59)  that 
phenol-prepared  ribosomal  RNA  was  re- 
producibly  eluted  from  DEAE  at  a  salt 
concentration  of  0.8  M  NaCl.  The  elu- 
tion  medium  also  contained  0.01  M  tris 
buffer  at  pH  7.4,  and  Mg++  10"2  M. 

Present  samples  of  DEAE  did  not  give 
this  simple  elution  pattern.  Only  30  per 
cent  of  the  ribosomal  RNA  was  found  to 
be  eluted  at  0.8  M  NaCl  using  a  linear  salt 
gradient  of  0.02  to  1.3  M.  A  procedure  was 
developed  for  increasing  the  yield  of  RNA 
from  the  column  to  80  or  90  per  cent  of 
the  amount  put  on. 

By  superimposing  a  pH  and  tris  gradient 
on  the  NaCl  gradient  it  was  found  that 
the  ribonucleic  acid  only  poorly  eluted  at 
0.8  M  NaCl  was  now  eluted  at  salt  con- 
centrations between  0.65  and  0.75  M  NaCl. 
The  system  used  was: 

(a)  Low  salt  chamber:  0.02  M  NaCl, 
10-2  M  Mg++,  0.01  M  tris  pH  7A. 

O)  High  salt  chamber:  0.9  M  NaCl, 
10-2  M  Mg++,  0.05  M  tris  pH  8.8. 

In  this  system  ribosomal  RNA  eluted  at 
0.65  M  NaCl,  and  85  per  cent  of  the  RNA 


loaded  was  recovered.  Unfortunately, 
S-RNA  now  eluted  at  0.55  M  NaCl  and 
interfered  with  the  front  of  the  peak. 
Stretching  the  gradient  obviated  this  inter- 
ference. 

Metabolic  Pools 

The  mathematical  analysis  of  the  carrier 
model  for  amino  acid  pool  formation  pro- 
posed three  years  ago  (Year  Book  57)  has 
been  carried  further.  The  control  of  the 
endogenous  synthesis  of  the  amino  acid, 
the  utilization  for  protein  synthesis,  and 
the  existence  of  two  major  components 
in  the  pool  have  been  included.  The  calcu- 
lated curves  for  pool  size,  rate  of  pool 
formation,  and  rate  of  endogenous  synthe- 
sis fit  the  experimental  data  for  proline 
accurately.  The  details  will  not  be  de- 
scribed here,  since  an  extensive  review  of 
the  experimental  evidence  and  discussion 
of  the  model  is  being  published  elsewhere. 
By  simply  changing  the  reaction  rate 
constants  of  the  model  the  incorporation  of 
uracil  into  RNA  and  pools  of  uracil  com- 
pounds may  be  qualitatively  explained,  al- 
though the  uracil  behaves  very  differently 
from  proline. 

Cooperation 

A  small  group  working  on  closely  re- 
lated subjects  needs  outside  contacts  lest 
it  develop  too  narrow  a  viewpoint.  Visi- 
tors from  other  laboratories,  visits  to  other 
laboratories,  and  cooperative  experiments 
are  essential.  During  the  year  we  have 
continued  our  collaboration  and  have  ex- 
changed visits  with  Drs.  L.  B.  and  J.  B. 
Flexner  of  the  Department  of  Anatomy, 
University  of  Pennsylvania,  and  with  Drs. 
Spiegelman  and  Hall  of  the  Department 
of  Microbiology,  University  of  Illinois.  Dr. 
John  A.  Boezi  spent  the  year  with  us  on  a 
fellowship  from  the  National  Science 
Foundation.  Longer  visits  by  our  staff 
include  McCarthy  to  Dr.  Doty's  labora- 
tory at  Harvard,  Midgley  to  Dr.  Sober's 
laboratory  at  National  Institutes  of  Health; 
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Bolton  to  Dr.  Matthew's  laboratory  at 
Auckland,  New  Zealand;  Roberts  to  vari- 
ous laboratories  in  South  America.  Visi- 
tors who  worked  in  our  laboratory  during 
the  year  include  Drs.  M.  Miranda  and 
A.  Paes  de  Carvalho  of  the  Instituto  de 
Biofisica,  Rio  de  Janeiro;  Dr.  Albertsson, 
University  of  Uppsala,  Sweden;  Dr.  Mc- 
Quillen,  Department  of  Biochemistry, 
Cambridge,  England;  Drs.  Hendler  and 
Duggan  of  National  Institutes  of  Health; 
Drs.  Monro  and  von  Ehrenstein  of  the 
Rockefeller  Institute;  and  Dr.  Bacilla, 
Curitiba,  Brazil.  Cooperative  experiments 
described  above  were  carried  out  with  Dr. 
Goldthwait,  Western  Reserve  University, 
and  Drs.  Nirenberg  and  Matthei,  National 
Institutes  of  Health.  Dr.  F.  T.  McClure 
collaborated  in  the  formulation  of  the  re- 
action sequence  for  enzyme  induction.  We 
wish  to  thank  again  all  these  colleagues 
for  their  contributions  to  our  work. 

Conclusion 

The  studies  of  biosynthesis  described  in 
this  report  contribute  in  different  ways  to 
our  understanding  of  the  process  of  repli- 
cation. The  data  accumulated  can  be  as- 
sembled into  an  integrated  whole,  some 
aspects  of  which  are  in  sharp  focus  but 
others  remain  hazy. 

As  a  first  step  in  such  an  attempt  the 
kinetic  data  can  be  used  to  test  schematic 
models  of  the  flow  of  material  within  the 
cells.  A  number  of  the  models  can  be 
eliminated,  and  a  further  choice  among 
the  remaining  models  can  be  based  on  the 
RNA  composition  data.  It  is  then  neces- 
sary to  use  any  information  available  to 
relate  the  schematic  flows  from  one  com- 
partment to  another  to  the  actual  mole- 
cules and  structures  of  the  living  cell. 

The  process  of  eliminating  different 
models  by  means  of  the  available  data  is 
best  illustrated  by  considering  specific  ex- 
amples. No  models  are  considered  that  do 
not  include  clearly  observable  cellular  com- 


ponents such  as  the  metabolic  pool  (M) 
and  the  stages  eosome  (E)  and  neosome 
(N)  through  which  precursors  pass  in  the 
process  of  becoming  ribosomes  (R) .  Solu- 
ble RNA  is  not  included  because  its  syn- 
thesis is  unrelated,  and  DNA  is  omitted 
because  there  is  little  direct  evidence  about 
its  role.  The  subscript  D  indicates  that  the 
nucleotide  composition  of  the  RNA  is 
similar  to  that  of  DNA.  The  subscript  R 
indicates  a  composition  like  that  of  50S 
ribosome  RNA.  The  models  indicate  the 
entry  of  exogenous  C14-uracil  or  P3204~, 
as  these  are  the  tracers  most  frequently 
used.  The  reasons  for  rejection  are  only 
mentioned  briefly;  they  are  discussed  at 
length  in  earlier  sections. 


M 


ENR 


Model  1 

Any  such  model  can  be  eliminated,  as 
there  is  no  delay  in  the  entry  of  exoge- 
nous C14-uracil  into  RNA. 
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Model  2 


Model  2  permits  fast  entry  of  uracil  into 
RNA  if  the  exchange  between  E  and  M 
is  rapid.  However,  it  predicts  a  longer  de- 
lay of  entry  into  N  and  R  than  would  be 
expected  from  the  quantity  of  E,  and  it 
does  not  predict  the  two-component  curve 
observed  during  the  incorporation  of  small 
quantities  of  uracil. 

As  P*  shows  an  entry  delayed  by  the 
pool  while  U*  can  enter  without  mixing 
with   the   pool,   models  giving  the   most 
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satisfactory  agreement  with  the  observa- 
tions will  be  of  the  general  type : 
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Model  3 

where  X  represents  a  carrier  molecule. 

The  simplest  model  to  fit  the  kinetic 
data  is 
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However,  this  model  does  not  satisfy  the 
indications  of  the  composition  studies. 
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Model  5 


Model  5  is  the  type  postulated  in  the 
messenger  hypothesis  provided  that  Ed  is 
considered  to  be  "messenger"  RNA.  This 
model  is  not  consistent  with  the  kinetic 
data,  as  it  predicts  a  conversion  of  RNA 
to  nucleotides  after  a  short  exposure  to  U*. 
Neither  does  it  agree  with  the  composi- 
tional data  as  it  predicts  that  newly  formed 
RNA  would  have  the  composition  of 
DNA. 


Model  6 

Model  6  is  a  modification  of  model  5 
which  satisfies  the  kinetic  data  by  postu- 
lating a  "private  pool"  Y.  The  exchange 
between  Ed  and  Y  must  be  at  least  10 
times  the  net  flow  of  synthesis  to  prevent 
direct  entry  of  material  into  Nr.  Thus  any 
RNA  molecules  of  Ed  would  have  a  half- 
life  of  less  than  15  seconds.  The  private 
pool  needed  to  ensure  complete  reutiliza- 
tion  is  a  highly  arbitrary  assumption.  Fur- 
thermore, this  model  does  not  predict  the 
observed  composition. 
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Model  7 


Model  7  meets  the  requirements  of  the 
kinetic  data  and  predicts  the  observed  com- 
positions. It  is  not  attractive  because  a 
mechanism  for  the  postulated  conversion 
Ed—>Nr  is  difficult  to  envisage. 
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Model  8  is  equally  satisfactory  in  meet- 
ing the  requirements  set  by  the  data.  Un- 
fortunately, it  requires  a  private  pool  to 
permit  degradation  and  immediate  and 
complete  reutilization. 

A  comparison  with  the  kinetics  of  en- 
zyme induction  provides  another  basis  for 
choice  among  models.  An  increased  rate 
of  enzyme  synthesis  can  be  observed  within 
30  seconds  after  addition  of  the  inducer. 
As  this  time  is  short  compared  with  the 
time  required  for  new  material  to  pass 
through  the  precursor  stages  into  ribo- 
somes, it  is  attractive  to  postulate  that  the 
enzyme-forming  unit  is  created  by  the  asso- 
ciation of  newly  formed  RNA  with  previ- 
ously existing  particles.  It  is  also  reason- 
able to  believe  that  RNA  copies  of  the 
DNA  genes  should  resemble  DNA  in 
composition.  Accordingly,  we  tend  to  as- 
sume that  Ed  of  the  models  above  acts  as 
the  template  for  protein  synthesis. 

The  kinetics  of  enzyme  induction  show 
that  the  enzyme-forming  units  decay  with 
a  time  constant  of  2l/2  to  3  minutes.  Thus, 
models  7  or  8,  which  allow  a  2l/i-  to  3- 
minute  lifetime  for  Ed,  seem  preferable 
to  models  5  or  6,  in  which  Ed  can  exist  for 
only  15  seconds  at  most. 

There  is  also  an  indication,  not  yet  ade- 
quately verified,  from  the  cell-free  systems 
that  template  material  does  accumulate 
during  prolonged  induction  as  indicated 
in  models  7  and  8.  We  concur  with  the 
hypothesis  of  Jacob  and  Monod  that  newly 
formed  RNA  acts  as  template  for  protein 
synthesis.  We  differ  from  their  hypothesis 
in  considering  it  likely  that  the  template 
has  a  21/2-minute  half-life  and  is  subse- 
quently incorporated  into  ribosomes. 

In  passing  from  schematic  models  to 
cellular  organization  we  must  consider  to 
what  extent  the  ribosomes  observed  in  the 
centrifugal  analysis  correspond  to  particles 
that  exist  as  definite  entities  in  the  living 
cell. 

For  several   years  indications   have  ac- 


cumulated that  certain  irreversible  changes 
occur  to  the  ribosomes  at  the  instant  of 
breaking  the  cells.  Several  years  ago  Britten 
found  that  the  pattern  observed  in  the 
analytical  centrifuge  was  quite  different  for 
cells  broken  by  lysozyme-freeze-thaw  and 
then  put  through  the  French  press  from 
that  for  cells  in  which  the  processes  were 
interchanged.  The  quantity  of  |3-galactosi- 
dase  associated  with  the  ribosomes  differs 
tenfold,  depending  on  the  method  of  break- 
ing. The  ribosomes  obtained  by  breaking 
the  cells  in  the  presence  of  10~2  M  Mg  and 
dialyzing  to  10~4  M  are  not  identical  to 
ribosomes  obtained  by  breaking  in  10~4  M 
Mg. 

The  protein  content  of  30S  ribosomes 
from  cells  broken  in  low  magnesium  con- 
centrations is  unexpectedly  high.  The  43S 
particle  was  never  obvious  in  cell  juices 
prepared  in  high  magnesium.  We  have 
found  ribonuclease  equally  distributed  be- 
tween 30S  and  50S  particles  (Year  Book 
58) ,  but  others  find  it  only  in  the  30S  parti- 
cles. Perhaps  all  these  findings  indicate  that 
the  ribosome  as  it  exists  in  the  cell  has 
quite  a  different  form,  and  that  the  ribo- 
some as  observed  in  the  broken-cell  juice 
depends  both  on  the  metabolic  state  of  the 
living  cell  and  on  the  particular  conditions 
at  the  time  of  breakage. 

Information  can  be  derived  from  studies 
of  the  particles  even  though  they  may  be 
formed  at  the  instant  of  breakage,  as  they 
carry  reproducible  samples  of  cellular  com- 
ponents. In  other  respects  there  may  be 
important  differences.  The  low  rates  of 
protein  synthesis  and  the  difficulties  of  re- 
moving nascent  protein  from  the  ribosomes 
in  vitro  may  be  due  to  a  less  favorable  con- 
figuration of  the  particles  in  vitro  than 
in  vivo.  Models  of  cellular  function  and 
structure  should  not  be  limited  to  those 
conceived  in  terms  of  the  little  round  balls 
observed  in  the  analytical  centrifuge  or  the 
electron  microscope.  Extended  intertwin- 
ing strands  might  equally  well,  or  better, 
represent  the  organization  of  ribosomes  in 
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the  living  cell.  If  there  were  strands,  at 
the  moment  of  breakage  they  might  gather 
into  their  coils  quite  different  proportions 
of  cellular  material,  depending  on  the  con- 
ditions at  that  particular  instant. 

The  freedom  given  by  this  point  of  view 
is  particularly  necessary  in  trying  to  pic- 
ture how  an  eosome  might  be  associated 
with  a  pre-existing  ribosome  to  act  as  a 
template.  The  eosome  must  contain  600 
nucleotides  if  it  is  to  carry  information  for 
a  polypeptide  strand  of  200  amino  acids. 
Thus,  it  is  long  enough  to  wrap  three  times 
around  the  70S  particle  seen  in  the  electron 
microscope.  It  is,  however,  quite  com- 
patible with  an  extended  ribosome. 

The  extended  picture  is  also  more  help- 
ful in  visualizing  eosome  synthesis.  The 
experiments  of  Caro  indicate  that  newly 
formed  RNA  shows  the  same  localization 


in  the  cell  as  DNA.  Thus,  eosomes  may 
initially  be  extended  along  DNA  strands. 
The  hybrid  RNA-DNA  complexes  found 
by  Hall  and  Spiegelman  indicate  that  a 
considerable  binding  force  may  exist.  Soon 
thereafter  the  eosomes  are  dislodged,  per- 
haps by  accumulation  of  protein,  and  can 
be  found  associated  with  ribosomes.  Such 
a  transfer  would  seem  more  plausible  if 
the  recipient  ribosome  were  equally  ex- 
tended. 

At  present  there  are  no  certain  facts  re- 
lating to  the  state  of  organization  in  the 
living  cell.  We  can  only  express  our  prefer- 
ence for  a  model  showing  the  DNA, 
eosomes,  neosomes,  and  ribosomes  ex- 
tended as  roughly  parallel  strands  to  a 
model  in  which  the  DNA  is  packed  in  a 
nucleus  surrounded  by  a  multitude  of 
small,  round  ribosomes. 


IMAGE  TUBES  FOR  LARGE  TELESCOPES 

The  activities  of  our  Department  in-  sensitive  than  the  best  photographic  emul- 
clude  a  vigorous  participation  in  the  de-  sions  used  in  astronomy.  The  complete 
velopment  of  photoelectric  image  tubes  to  record  of  these  activities,  including  the  full- 
extend  the  sensitivity  and  range  of  me-  time  work  of  Dr.  W.  K.  Ford,  Jr.,  of  the 
dium-sized  and  large  telescopes,  based  on  DTM  staff  and  others,  is  found  in  the 
the  fact  that  modern  photoelectric  surfaces  separate  report  of  the  Committee  on  Image 
are  more  than  one  hundred  times  more  Tubes  for  Telescopes,  which  follows. 
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Fig.  1.  Three  magnetically  focused  image  tubes  made  by  ITT  Laboratories. 
From  left  to  right  they  are:  the  FW  152  two-stage  cascaded  tube;  the  FW  117 
mica-window  tube,  with  slit  window  40  millimeters  long;  and  the  FW  132 
infrared  converter. 


Fig.  2.  Magnetic  mica-window  tube  on  the  spectrograph  of  the  Morgan 
24-inch  reflector  at  Lowell  Observatory.  The  tube,  dry  ice  cold  box,  and 
focusing  magnets  are  mounted  in  the  cylinder  (6  inches  diameter)  on  the  left 
side  of  the  spectrograph.  The  film  transport  mechanism  and  the  high-voltage 
lead  protrude  from  the  cylinder. 


The  major  emphasis  of  the  Carnegie  agencies,  prototype   image   tubes  became 

Image  Tube  Committee  during  this  report  available  for  test  this  year  from  industrial 

year  has  been  on  the  promotion  of  the  suppliers  under  support  of  a  National  Sci- 

industrial    development    of    magnetically  ence  Foundation  grant.    This  grant  was 

focused  image  intensifiers.  We  believe  that,  made  after  the  earlier  Carnegie  efforts  and 

with  continued  development,  these  tubes  tests  were  carried  out,  in  order  to  under- 

will   fulfill,    and   some   will  surpass,   the  write  the  rather  large  industrial  costs  for 

original  objectives  of  this  Committee.  prototype    manufacturing.    These    tubes 

Work  during  previous  years  has  demon-  promise  to  be  highly  useful  in  many  fields 
strated  the  feasibility  and  usefulness  of  of  astronomical  research.  Using  special  fine- 
two  general  types  of  image-intensifying  grained  phosphors  of  high  resolving  power, 
devices.  One  type  involves  pressing  photo-  and  with  magnetic  focusing  using  perma- 
graphic  film  into  optical  contact  with  a  nent  magnets,  three  types  of  image  tubes 
thin  mica  window  in  order  to  provide  em-  can  now  be  manufactured  each  of  which 
cient  transfer  of  an  optical  image  from  a  provides  a  practical  gain  of  a  factor  of  10 
phosphor  screen  to  the  photographic  emul-  or  more  over  photography.  Spectroscopic 
sion.  The  second  general  type  of  device  researches  and  new  work  on  double  stars 
relies  on  some  method  of  internal  electron  have  been  strikingly  successful  with  the 
multiplication  to  produce  an  image  on  a  prototype  tubes,  and  it  is  hoped  that  initial 
phosphor  screen  that  is  sufficiently  bright  manufacture  of  these  tubes  in  modest  num- 
to  be  photographed  with  conventional  bers  can  be  arranged  during  the  coming 
lenses.   The  most  successful  has  been  the  year. 

cascaded  tube  having  an  internal  phosphor  The    Carnegie    Committee   made   their 

screen  and  a  second  photocathode  in  optical  initial  evaluation  of  both  the  mica-window 

contact  with  it.  and  cascaded  methods,  as   well  as  some 

Photographic    emulsions     as     used    in  less    promising    approaches    such    as    the 

astronomy  require  about  1000  quanta  of  barrier-film  tube,  by  testing  the  tubes  that 

incident   light   per   developable   grain   of  could  be  produced  most   expediently  by 

silver  halide,  whereas  a  good  photoelectric  industrial  development  groups.  Using  the 

cathode  will  emit  one  primary  photoelec-  standard  industrial  techniques,  tubes  were 

tron  for  every  7  to  10  incident  quanta.  Thus  built  which  were  focused  electrostatically 

an  ideal  gain  in  sensitivity  of  perhaps  100  and  which  consequently  had  rather  small 

over  that  of  the  regular  photographic  pro-  areas  of  good  definition.  These  tubes  could 

cedures  may  be  possible.    In  actual  prac-  therefore  be  applied  successfully  to  only 

tice,   and   over   an   extended   wavelength  a  few  limited  and  rather  specialized  prob- 

range,  this  potential  gain  factor  is  perhaps  lems.    In  particular,  the  electrostatic  cas- 

more  like  40  or  50.  caded  tube  provided  a  new  technique  for 

In  addition  to  studies  aimed  at  achiev-  recording  accurately  the  images  of  close, 
ing  the  maximum  possible  gain,  the  Com-  faint  double  stars,  and  the  mica-window 
mittee  has  sought  over  these  years  to  de-  tube  has  shown  considerable  promise  in 
velop  image  tubes  at  industrial  laboratories  infrared  spectroscopy.  Although  both  these 
which  would  give  good  gains  over  photo-  electrostatic  tubes  were  satisfactory  for 
graphic  procedure  and  yet  be  simple  to  evaluation  purposes,  it  was  also  recognized 
use,  relatively  permanent  in  calibration,  that  most  astronomical  problems  require 
and  generally  available  to  all  astronomers,  larger  imaging  areas  than  could  be  pro- 
After  some  years  of  joint  struggle  in  the  vided  reasonably  with  electrostatic  optics, 
laboratory,  with  various  industrial  develop-  Tubes  designed  for  magnetic  focusing 
ment  groups,  and  with  other  interested  can  have  rather  large  areas  sharply  in  focus. 
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RCA,  at  Lancaster,  Pennsylvania,  has  now 
built  a  two-stage  cascaded  tube  having  a 
3%-inch  cathode  and  output  phosphor.  An 
additional  advantage  of  such  tubes  is  that 
they  have  flat,  rather  than  curved,  photo- 
cathodes,  and  hence  are  more  easily  adapted 
to  existing  optical  systems.  The  solenoids 
or  permanent  magnets  required  for  mag- 
netic focusing  tend  to  be  heavy  and  bulky, 
but  this  is  rarely  a  serious  limitation  for 
astronomical  work.  Typically  a  cascaded- 
tube  system  would  add  less  than  5  or  10 
per  cent  to  the  weight  of  a  spectrograph. 
The  early  experimental  tubes  with  mag- 
netic focusing,  as  fabricated  in  the  in- 
dustrial laboratories,  exhibited  good  defini- 
tion; this,  along  with  improved  phosphors, 
provides  a  substantial  increase  in  resolv- 
ing power  over  electrostatically  focused 
tubes. 

The  transition  from  electrostatic  to  mag- 
netic tubes  has  been  somewhat  slower  than 
anticipated.  Many  time-consuming  techno- 
logical problems  have  been  encountered; 
fortunately  these  are  temporary  difficulties 
and  are  amenable  to  solution.  No  funda- 
mental shortcoming  has  been,  or  seems 
likely  to  be,  encountered.  In  the  magnetic 
tubes,  for  example,  phosphor  poisoning  by 
cesium  vapor  has  been  more  difficult  to  pre- 
vent because  the  phosphor  screen  and  pho- 
tocathode  are  directly  exposed  to  each  other 
whereas  in  the  electrostatic  tubes  they  are 
somewhat  isolated  by  the  anode  cone. 
Similarly,  this  cone  in  the  electrostatic  tube 
acts  as  a  light  baffle,  while  in  magnetic 
tubes  more  accurate  control  of  the  alumi- 
nizing  of  the  phosphor  screen  is  necessary 
to  prevent  light  feedback  to  the  photo- 
cathode. 

The  magnetic  tube  is,  nevertheless, 
gradually  being  perfected  to  a  high  degree. 
Support  for  the  required  industrial  re- 
search and  development  programs  is  being 
provided  in  part  by  other  organizations  in- 
terested in  this  general  type  of  tube  for 
various  scientific  and  military  purposes, 
as  well  as  by  the  Carnegie  Committee 
(using  chiefly  NSF  funds  now). 


A  series  of  tubes  ideally  suited  in  many 
ways  for  astronomical  work  has  been  de- 
veloped by  a  group  at  ITT  Laboratories, 
Fort  Wayne,  Indiana,  working  under  the 
direction  of  the  late  Mr.  S.  F.  Essig  and 
now  under  Mr.  E.  H.  Eberhardt  (fig.  1). 
The  simplest  of  the  series  is  a  single-stage 
converter  which  has  a  conventional  optical 
output  and  good  resolution  over  a  40-milli- 
meter field.  Although  its  light  gain  is 
small,  its  excellent  infrared-sensitive  photo- 
cathode  makes  it  a  useful  research  tool. 
This  tube  has  been  used  for  some  interest- 
ing planetary  spectroscopy  and  will  soon 
be  used  at  the  High  Altitude  Observatory 
for  infrared  solar  coronal  observations.  A 
preliminary  sample  of  the  same  tube 
equipped  with  a  long,  narrow  mica  win- 
dow has  been  tested  and  found  to  be  a 
highly  efficient  aid  in  infrared  stellar  spec- 
troscopy (fig.  2).  The  first  ITT  cascaded 
tubes  had  good  resolution  (better  than  25 
line-pairs  per  millimeter)  but  excessive 
field  emission.  More  recent  models,  having 
a  slightly  different  electrode  system  for 
producing  the  accelerating  field,  have  less 
spurious  emission,  show  good  definition 
over  40  millimeters,  and  need  only  slightly 
improved  photocathodes.  They  appear  ex- 
tremely promising. 

At  RCA,  Lancaster,  several  sizes  of  mag- 
netically focused,  cascaded  tubes  are  being 
developed  under  the  direction  of  Mr.  R.  G. 
Stoudenheimer.  These  tubes  are  in  general 
characterized  by  rather  good  multialkali 
photocathodes  but  limited  resolution,  due 
in  large  measure  to  mediocre  phosphors. 
The  most  successful  has  been  a  two-stage 
cascaded  tube  which  is  perhaps  too  large 
for  general  astronomical  work  and  which 
has  10  to  15  line-pair  resolution  over  a 
3 ^ -inch  field.  Scaled-down  versions  are 
now  being  built,  and  the  first  samples 
should  soon  be  ready  for  evaluation.  When 
improved  phosphors  already  tested  at  RCA 
are  incorporated,  these  two-stage  tubes  will 
give  a  resolving  power  greater  than  25  line 
pairs  per  millimeter. 

The  prospects  are  good,  therefore,  that 
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during  the  coming  year  the  Committee  will 
have  a  limited  number  of  two-stage  cas- 
caded tubes  with  which  to  work.  These 
will  have  sufficient  area  so  that  they  can 
be  applied  profitably,  in  both  the  visible  and 
infrared  regions  of  the  spectrum,  to  many 
astronomical  problems  just  beyond  the 
reach  of  conventional  photographic  tech- 
niques. Also,  magnetically  focused  mica- 
window  tubes  should  be  available  for  spec- 
troscopic work.  Although  less  rugged  than 
the  cascaded  type,  these  simple  one-stage 
tubes  are  easy  to  manufacture,  and  they 
provide  effective  gains  in  both  speed  and 
wavelength  range  over  unaided  photog- 
raphy. At  present  they  are  particularly 
valuable  for  infrared  work.  Infrared-sensi- 
tive cascaded  tubes  are  difficult  to  build 
because  of  the  different  processing  pro- 
cedures required  for  the  infrared  photo- 
cathode  and  the  blue-sensitive  multiplying 
cathode.  Both  types  of  image  tube  shorten 
exposure  times  by  a  factor  of  10  to  50  or 
more,  and  very  significantly  enlarge  the 
range  of  problems  accessible  to  a  telescope 
of  given  aperture. 

From  October  1960  through  June  1961 
Dr.  Baum  worked  in  collaboration  with 
Professor  J.  D.  McGee  in  the  Instrument 
Technology  Section  of  the  Physics  Depart- 
ment at  the  Imperial  College,  London.  His 
main  effort  during  that  period  was  con- 
cerned  with   the   problem   of   evaluating 


signal-to-noise  ratio,  information  rate,  and 
contrast  dilution.  A  laboratory  instrument 
was  made  and  tested  for  the  purpose  of 
providing  a  simple  method  of  evaluating  in 
the  laboratory  image-tube  performance. 

During  the  report  year  Dr.  Fredrick 
made  a  systematic  study  of  the  specta  in 
the  1-micron  region  of  long-period  variable 
stars.  This  work  was  done  with  an  electro- 
statically focused  mica-window  tube  on 
the  spectrograph  of  the  24-inch  Morgan 
Telescope  at  Lowell  Observatory.  Details 
of  this  work  have  been  published  in  the 
Astronomical  Journal,  volume  66,  page  44, 
1961,  and  in  Lowell  Bulletin  114,  1961. 

One  of  the  most  encouraging  experiences 
of  the  Committee  was  the  enthusiastic  re- 
sponse of  Dr.  Paul  Merrill  to  the  useful- 
ness of  the  image  tube  to  actual  star  spectra 
during  June  1961,  when  he  spent  several 
weeks  working  at  Lowell  Observatory. 
The  sadness  of  Dr.  Merrill's  death  in  July 
was  tempered  by  his  warm  encouragement 
of  the  younger  men  in  the  new  work. 

Much  of  our  test  and  evaluation  program 
has  been  conducted  by  Dr.  W.  K.  Ford,  Jr., 
of  the  Department  of  Terrestrial  Mag- 
netism, and  Dr.  L.  W.  Fredrick  of  Lowell 
Observatory.  The  industrial  development 
of  these  tubes  is  being  supported  in  large 
measure  by  a  generous  grant  from  the 
National  Science  Foundation  to  the 
Carnegie  Image  Tube  Committee. 
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INTRODUCTION 

Measurements  of  action  spectra  for  pho-  take  by  the  algae.  This  oxygen  uptake 
tosynthesis  in  algae  and  of  the  variation  of  persists  for  several  minutes  in  the  dark 
the  action  spectra  with  different  treatments  after  a  light  exposure.  The  apparent  in- 
given  the  algae  are  the  essential  means  for  efficiency  for  photosynthesis  of  chlorophyll 
studying  the  function  and  interaction  of  in  red  algae  in  comparison  with  that  of 
photosynthetic  pigments.  The  refinement  phycoerythrin  is  in  part  due  to  the  counter- 
of  methods  for  measuring  the  action  spec-  balancing  of  photosynthetic  oxygen  evolu- 
tra  of  photosynthesis  in  algae  has  contin-  tion  by  the  stimulated  oxygen  uptake.  The 
ued  to  be  one  of  our  chief  concerns.  Two  extra  oxygen  consumption  after  an  ex- 
years  ago  we  described  a  device  for  the  posure  to  red  light  alone  is  decreased  by  an 
automatic  recording  of  action  spectra,  excess  of  green  light  given  at  the  same  time 
Some  improvements  in  this  apparatus  have  as  the  red  light. 

been  made.  It  is  now  possible  to  operate  These  observations  are  interpreted  by  the 
either  with  a  constant  photosynthetic  rate  theory  that  chlorophyll  activation  makes 
or  with  constant  light  intensity  as  the  a  substance  x,  while  phycoerythrin  activa- 
spectrum  is  traversed.  The  instrumental  tion  makes  a  different  material  y.  Further- 
problems  are  far  simpler  to  solve  than  the  more,  both  x  and  y  are  necessary  intermedi- 
problems  created  by  the  nature  of  the  plant  ates  in  the  process  of  photosynthesis,  whose 
material.  The  remaining  difficulties  in  rate  is  proportional  to  the  momentary  con- 
automatic  plotting  of  action  spectra  lie  in  centration  of  both  x  and  y.  The  substance 
the  differences  in  the  qualitative  effects  of  x,  but  not  y,  gives  the  stimulated  oxygen 
different  wavelengths  on  the  nature  of  the  consumption,  in  addition  to  its  role  in  pho- 
photochemical  products.   Studies  of  these  tosynthesis. 

effects,  such  as  the  stimulation  of  oxygen         From  this  simple  concept  some  equations 

consumption  by  red  but  not  by  green  light,  have  been  derived  that  might  describe  the 

not  only  have  explained  some  of  the  dim-  rate  of  photosynthesis  under  various  con- 

culties  in  measurement  but  also  have  been  ditions  of  light  intensity,  color,  and  time 

useful  in  describing  the  nature  of  the  pho-  of  exposure.    In   spite  of  the  ease  with 

tosynthetic  process.  which  such  differential  equations  can  be 

In  the  past  year  experiments  with  a  red  derived,  their  solution  and  correlation  with 

alga  have  shown  the  difference  in  the  pho-  actual  experimental  data  are  difficult, 
tochemical  function  of  chlorophyll  and  of         The  set  of  equations  has  been  solved  by 

the  accessory  pigments  in  a  particularly  an  analog  computer  for  various  assumed 

clear  way.   In  this  investigation,  both  the  values  of  the  constants,  and  the  correspond- 

rate  of  photosynthesis  while  the  algae  were  ing  curves  for  the  time  course  of  oxygen 

exposed  to  light  and  the  increased  rate  of  exchange  have  been  plotted.  By  this  means 

oxygen  uptake  immediately  after  an  ex-  the  following  phenomena,  observed  in  the 

posure  to  light  were  measured  for  various  alga  Porphyridium  cruentum,  have  been 

wavelengths.    The  well  known  fact  that  qualitatively   duplicated  by   the   assumed 

the  light  absorbed  by  the  accessory  pigment  kinetic  model :  the  shape  of  the  simpler 

phycoerythrin  appears  more  effective  than  time  course  curves  for  oxygen  evolution 

the  light  absorbed  by  chlorophyll  itself  was  during  and  after  exposure  to  red  or  to 

confirmed,  and  a  modified  explanation  for  green   light;    the   enhancement   effect   of 

the  fact  was  proposed.   In  addition,  how-  red  and  green  light  given  together;  the 

ever,  it  was  found  that  chlorophyll  activa-  nonlinear  curves  of  oxygen  evolution  rate 

tion  by  light  greatly  increases  oxygen  up-  sometimes  found  with  low  intensities  of 
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light;  and,  in  a  less  satisfactory  way,  the  hypothetical  substances  x  and  y  with  a 

chromatic  transient  effect.  view  toward  their  biochemical  identifica- 

This  particular  two-pigment  mechanism  tion.   More  detailed  studies  of  the  effects 

therefore    provides    a    qualitative    means  of  wavelength  of  light  on  some  partial  re- 

for  correlating  these  diverse  effects  in  a  actions  of  photosynthesis  are  expected  to 

framework  that  is  potentially  capable  of  clarify  the  specific  roles  of  the  different 

more  precise  quantitative  application.  An  pigments,  including  the  several  forms  of 

identical    mechanism,    lacking    only    the  chlorophyll  a. 

respiratory  stimulation,  was  proposed  in-  In  order  to  gain  insight  into  the  nature 

clependently  this  year  by  Brody  and  Brody.  of  the  products  of  the  two  photochemical 

Other    two-pigment    mechanisms,    also  reactions  it  is  appropriate  to  determine  ac- 

appearing  this  year,  contrast  with  this  one  tion  spectra  for  the  formation  of  known 

in  assuming  the  oxygen  to  be  produced  photosynthetic     intermediates.     For    this 

by  the  same  step  that  forms  the  product  y.  purpose,  Dr.  Fork  has  determined  the  ac- 

Such  mechanisms,  however,  appear  to  re-  tion  spectrum  for  adenosine  triphosphate 

quire  an  entirely  separate  explanation  for  formation  with  vitamin  K3  as  a  cofactor. 

the  time  course  of  photosynthesis  when  It  is  noteworthy  that  this  action  spectrum 

the  cells  are  first  illuminated.  showed  a  peak  position  between  668  and 

The  rather  unexpected  success  of  the  675  inu.  Furthermore,  at  650  mp,  where 
simple  two-pigment  mechanism,  using  two  chlorophyll  b  absorbs,  the  effect  was  pro- 
photochemical  products  for  oxygen  evolu-  portionately  much  greater  than  that  for 
tion,  in  accounting  for  diverse  kinetic  phe-  oxygen  evolution  from  chloroplasts.  A 
nomena  has  encouraged  us  to  continue  phosphorylation  may  well  be  linked  with 
with  attempts  to  make  more  quantitative  chlorophyll  b  and  chlorophyll  a  673  ab- 
use or  this  model.  sorption  as  well  as  with  absorption  by  the 

One  use  has  been  to  show  that  there  may  longer-wavelength  chlorophyll  complexes, 

be  a  very  complex  relationship   between  Work  on  the  characterization  of  the  dif- 

the  relative  absorbing  abilities  of  two  pig-  £erem  chlorophylls  complexes  in  plants 

ment  systems  and  the  enhancement  effect  has  been  continued  by  Dr<  Brown>  The  ex. 

on  photosynthesis  produced  by  two  differ-  tension  of  ±h  gtud    frQm  whole  ^  tQ 

ent   light   beams   given    together.     From  the  gmaJ1  f         ents  of  broken  chloroplasts 

measurements   or   the   enhancement   pro-  .u t      ?•         •      .      L    .■          S     i 

,       t  i      i./y                 i-                 r  susceptible  or  investigation  by  the  methods 

duced  by  different  combinations  or  wave-  £      r     .       ,       .         i    j  i          i               i 

,        ,     J                ,         ,                ,    .  or  protein  chemistry  had  been  hampered 

lengths,  attempts  have  been  made  in  sev-  ,     r,      j            •         r   i     i                 i        i 

f  i  i_           •           j  j         i_      u         •  by  the  destruction  or  the  long-wavelength 

eral  laboratories  to  deduce  the  absorption  /         r    .  .        .    „    „  rc.e  P    .           ° 

r    i                            ...  r  rorm  or  chlorophyll,  Ca695,  in  the  process 

spectra   or   the   two   contrasting  pigment  .              .        r' . '            '        .    ,f 

systems.  Almost  any  system  of  calculation  of  extraction     This  year  a  suitable  pro- 

from  such  data  will  identify  the  peak  posi-  cedure  was  fo1u1nd  £or  extrracting  and  dis- 

tion  of  the  active  pigments.    But,  if  the  integrating    chloroplasts    from    the    alga 

model  is  a  reasonably  correct  description  Euglena  without  detectable  change  in  the 

of  the  system,  it  follows  that  to  obtain  the  relatlve  proportion  of  the  several  chloro- 

correct    relative    heights    of    peaks    and  pnyll-0  complexes. 

valleys  of  absorption  spectra  from  action  A  plant  pigment  absorbing  in  the  700-  to 

spectrum  measurements  a  discouragingly  715-mu  range  has  been  reported  by  several 

complex  calculation  would  be  necessary.  laboratories,  and  its  possible  significance  in 

However  useful  this  scheme  may  be  in  photosynthesis  is  a  subject  of  current  specu- 

correlating     kinetic     measurements,     its  lation.  It  now  appears  that  there  may  be 

greater  value  may  turn  out  to  be  in  the  several    such    pigments    that    may    differ 

planning  of  experimental  regimes  for  the  slightly  in  their  peak  positions.  Work  this 

production  of  appropriate  quantities  of  the  year   has    shown   a   difference    in   that   a 
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pheophytin  complex  from  Ochromonas  has 
its  peak  at  715  m|J  whereas  that  from 
Euglena  absorbs  at  707  mp.  This  year  Dr. 
Brown  also  found  that  the  chloroplast  frag- 
ments of  Euglena  containing  both  the 
707-  and  the  673-mu  pigments  together 
could  be  partially  separated  by  centrifuga- 
tion  from  particles  containing  mainly  the 
683-mu  pigment. 

Further  progress  has  been  made  on  the 
development  of  methods  for  isolating  the 
protochlorophyll-bearing  particles  of  dark- 
grown  leaves.  Until  recently  such  prepara- 
tions may  have  been  contaminated  with 
a  lemon-yellow  fluorescent  material. 
Through  chromatography  on  Sephadex,  a 
new  adsorbent  that  separates  molecules 
according  to  size,  protochlorophyll  holo- 
chrome  preparations  have  been  largely 
freed  of  this  substance.  Serial  fractions  of 
percolate  showed  a  constant  ratio  of  visible 
to  ultraviolet  absorbancies  for  the  holo- 
chrome  particles  which  indicated  a  definite 
proportion  of  pigment  to  protein. 

Furthermore,  the  rate  of  migration 
through  the  Sephadex  column  corroborated 
the  large  size  of  the  holochrome  "mole- 
cule" deduced  from  other  experiments.  The 
size  of  the  particle  obtained  from  sedimen- 
tation measurements  (0.7  X  106  g/mole) 
and  from  chemical  relationships  (0.98  X 
106  g/mole)  was  confirmed  this  year  from 
measurements  of  electron  micrographs  of 
the  particle  (1.4  X  106  g/mole). 

Quantitative  determinations  were  made 
on  the  inhibitory  power  of  different  sub- 
stances for  the  phototransformation  of 
protochlorophyll  to  chlorophyll  in  these 
particles.  The  results  of  these  inhibitor 
studies  suggest  that  one  factor  affecting 
transformability  is  water-lipide  interface 
organization. 

The  year's  activity  in  experimental 
taxonomy  has  been  a  continuation  of  de- 
velopments outlined  in  previous  annual 
reports.  Emphasis  continues  to  be  directed 
toward  exploring  the  physiological  basis 
of  natural  selection  in  plants  through  the 
study  of  ecologically  diverse  races  of  the 
same,  or  of  closely  related,  species.  Recent 


improvements  in  equipment  have  per- 
mitted measurements  of  rates  of  apparent 
photosynthesis  and  of  respiration  of  alti- 
tudinal  races  of  Mimulus  at  lower  tempera- 
tures than  were  possible  previously.  The 
present  temperature  range  of  measure- 
ments now  extends  from  0°C  to  the  highest 
temperature  at  which  the  experimental 
plants  are  capable  of  functioning.  Improve- 
ments have  also  been  made  in  the  small 
controlled  growth  cabinets,  especially  in 
the  direction  of  more  precise  control  of 
relative  humidity. 

New  races  of  Mimulus  have  been 
acquired  from  climates  not  previously 
available,  and  many  new  interracial  hy- 
brids between  various  combinations  of  M. 
cardinalis  and  M.  lewisii  have  been  made 
both  for  transplant  tests  at  the  mountain 
stations  and  for  subsequent  related  labora- 
tory investigations.  At  the  altitudinal  trans- 
plant stations,  further  data  on  the  responses 
of  segregating  second-generation  progeny 
that  had  earlier  been  subjected  to  rigor- 
ous selection  during  seedling  stages  in  the 
contrasting  climates  at  Stanford  and  Tim- 
berline  confirm  the  significance  of  such 
early  exposure  in  influencing  the  direction 
of  selection  among  widely  segregating 
progeny. 

A  manuscript  completed  by  Dr.  Nobs 
summarizes  the  results  of  a  long-term 
study  on  Ceanothus,  a  genus  of  typical 
shrubby  plants  that  are  important  com- 
ponents of  the  vegetation  cover  in  several 
western  states.  This  work  features  field 
studies  of  natural  variable  populations 
combined  with  experimental  evidence  from 
controlled  hybrids,  a  study  of  the  chromo- 
somes, and  examination  of  anatomical 
characters  of  living  and  fossil  leaves.  The 
course  of  the  probable  evolutionary  history 
of  this  polymorphic  genus  becomes  clearer 
from  the  combined  evidence. 

Another  long-range  investigation  for 
which  data  are  now  complete  is  a  selec- 
tion experiment  in  Achillea  involving  the 
study  of  responses  of  cloned  second-genera- 
tion segregating  progeny  at  the  three  trans- 
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plant   stations.    The   progeny    originated  through  cultures  of  parental  and  hybrid 

from  a  cross  between  very  distinct  climatic  strains  grown  over  a  period  of  years  at 

races  from  widely  different  latitudes.  Volbu,  Norway,  which  were  returned  and 

An  important  new  increment  of  data  on  are  being  grown  in  the  Stanford  garden 

the   Poa    investigations    has    been    added  to  test  their  constancy. 
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Dr.  James  H.  C.  Smith  retired  on  June 
30,  1961,  after  more  than  35  years  with  the 
Institution.  He  plans  to  continue  his  re- 
search on  chlorophyll  formation  at  the  De- 
partment. 

xDied  February  1961. 


Dr.  William  A.  Arnold  of  the  Oak 
Ridge  National  Laboratory  spent  the  sum- 
mer of  1960  at  the  laboratory  working  on 
a  theory  of  enhancement  of  photosynthesis 
by  two  light  beams  differing  in  wave- 
length. 

Professor  Frederick  T.  Wolf  of  the  De- 
partment of  Biology  at  Vanderbilt  Uni- 
versity was  also  here  for  the  summer  study- 
ing the  effects  of  aminotriazole  on  growth 
and  pigment  formation  of  Chlorella  and 
the  reversal  of  its  inhibiting  effect  by 
purines. 

Dr.  Ruth  Sager  of  the  Department  of 
Zoology  at  Columbia  University  was  at  the 
laboratory  for  six  weeks  investigating  the 
nature  of  the  chlorophyll  pigments  and 
their  photosynthetic  capacity  in  various 
mutants  of   Chlamydomonas. 

Dr.  Jens  Clausen,  through  invitation,  has 
presented  series  of  lectures  pertaining  to 
mechanisms  of  plant  evolution  at  the  Uni- 
versity of  Chicago  and  at  Vanderbilt  Uni- 
versity. 

Investigators  making  use  of  the  Institu- 
tion's garden  and  station  facilities  include 
Dr.  Edward  Tisdale  of  the  University  of 
Idaho,  who  is  growing  races  of  Eestuca 
idahoensis  and  related  species  of  grasses 
collected  in  different  environments  at  Stan- 
ford. These  are  being  compared  with  cor- 
responding plantings  in  Idaho.  Dr.  The- 
odosius  Dobzhansky,  who  has  worked  for 
many  summers  at  Mather  in  connection 
with  population  studies  on  Drosophila  oc- 
curring along  the  Sierran  transect,  has 
made  additional  collections  at  Mather  this 
year.  Mr.  John  Swanson,  a  graduate  stu- 
dent at  the  University  of  California,  Berke- 
ley, is  utilizing  the  Mather  garden  for 
experimental  cultures  of  the  genus  Montia 
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(Miner's  lettuce)    in  connection  with   a  fornia,   is    spending  his   sabbatical   leave 

thesis  project.  working  at  the  Department  on  a  mono- 

Dr.  Thomas  R.  Pray  of  the  Department  graphic  study  of  the  comparative  morphol- 

of  Biology,  University  of  Southern  Cali-  ogy  and  biosystematics  of  ferns. 

BIOCHEMICAL   INVESTIGATIONS 


Two  Primary  Photochemical  Reactions 

in  Photosynthesis  Driven  by 

Different  Pigments 

C.  S.  French  and  D.  C.  For\ 

Many  experimental  facts  suggest  that 
photosynthesis  is  a  consequence  of  two  pri- 
mary photochemical  reactions  each  being 
driven  by  a  specific  pigment.  In  spite  of 
the  significance  of  this  concept,  its  validity 
and  impact  do  not  seem  to  have  been 
widely  realized. 

We  have  examined  a  red  alga,  Porphy- 
ridium  omentum,  which  shows  the  sepa- 
rate nature  of  the  two  reactions  particularly 
clearly.  It  contains  two  different  types  of 
photosynthetic  pigments,  chlorophyll  and 
phycoerythrin.  Action  spectra  were  meas- 
ured for  (1)  the  increased  respiration  after 
a  light  exposure,  and  (2)  the  rate  of  02 
production  during  the  light  period.  The 
action  spectrum  for  the  photostimulation 
of  respiration  matches  the  absorption  spec- 
trum of  chlorophyll;  the  action  spectrum 
for  02  production  is  mainly  attributable  to 
phycoerythrin. 

Other  experiments  were  also  performed 
to  investigate  the  interaction  between  the 
products  of  the  two  reactions.  For  this 
purpose  the  two  most  effective  wavelengths 
generally  used  for  these  two  reactions  were 
694  m|J,  absorbed  mainly  by  the  long-wave- 
length form  of  chlorophyll  a,  and  567  mjj, 
absorbed  chiefly  by  phycoerythrin.  The 
oxygen  exchange  was  continuously  re- 
corded during  irradiation  of  the  algae  with 
these  two  wavelengths  separately,  together, 
and  consecutively  at  various  intensities. 

Two  primary  photochemical  reactions  in 
photosynthesis.  Until  the  chemical  nature 
of  the  two  primary  photochemical  reac- 
tions is  clarified  it  is  convenient  to  desig- 
nate them  as  the  "accessory  pigment  reac- 


tion" and  the  "long-wavelength  chloro- 
phyll reaction"  (abbreviated  AP  and  LWC 
reactions).  In  line  with  the  known  bio- 
chemistry of  photosynthesis  it  is  tempting, 
but  probably  premature,  to  speculate  that 
one  of  these  reactions  may  lead  to  photo- 
phosphorylation  and  the  other  to  the  for- 
mation of  reducing  power. 

Evidence  for  the  separate  function  of 
these  two  pigment  groups  came  at  first 
from  the  two  wavelength  effects  leading 
to  enhancement  as  observed  by  Emerson 
and  to  chromatic  transients  discovered  by 
Blinks.  More  recently,  McLeod's  finding 
of  distinct  peaks  in  an  action  spectrum  for 
photosynthesis  measured  at  saturating  light 
intensity  has  supported  this  idea  (Year 
Book  59,  p.  342,  1960).  Furthermore,  the 
differing  time  course  of  photosynthesis  at 
different  wavelengths  indicates  the  forma- 
tion of  different  products,  or  the  same 
products  in  differing  proportions,  by  dif- 
ferent wavelengths.  A  separation  of  the 
effects  of  two  wavelengths  in  time  was 
found  by  Myers  (Year  Book  58,  p.  322, 
1958),  who  observed  enhancement  when 
the  two  beams  were  rapidly  alternated. 
This  is  evidence  for  the  production  of 
separate  chemical  products  by  the  two  pig- 
ment systems. 

The  time  course  of  photosynthesis  and 
of  photo  stimulated  respiration.  The  time 
course  of  02  production  or  uptake  has 
been  followed  for  thin  layers  of  the  red 
alga  Porphyridium  cruentum  on  a  bare 
platinum  electrode.  The  rate  of  O2  ex- 
change before,  during,  and  after  exposures 
to  beams  of  monochromatic  light  was  re- 
corded. The  reference  line  is  the  rate  of 
respiration  of  the  dark-adapted  alga;  its 
slow  drift  with  time  is  shown  by  a  dotted 
line  in  the  figures. 
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Respiratory  stimulation.  Figure  1  shows 
the  photosynthesis  time  course  and  the 
respiratory  response  following  photosyn- 
thesis at  two  wavelengths.  Red  light  at 
first  produces  a  negative  spike  in  the  02 
production  rate  followed  by  a  rapid  and 
then  a  slow  approach  to  steady-state  pho- 
tosynthesis. When  the  light  is  turned  of? 
there  is  a  small  positive  spike,  a  moderately 
slow  drop  to  a  negative  value,  and  then  a 
very  slow  rise  to  the  original  level.    The 


than  red  for  making  the  negative  spike  at 
the  start  of  the  light  period. 

In  order  to  measure  action  spectra  for 
photosynthesis  and  for  the  respiratory 
stimulation,  exposures  were  made  to  a 
succession  of  wavelengths.  The  intensity 
of  each  wavelength  was  automatically  ad- 
justed by  a  servo  system  to  give  equal 
numbers  of  incident  quanta  per  unit  time. 

For  this  experiment  the  cells  were  grown 
17  days  at  20°C  in  artificial  sea  water  23 
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Fig.  1.  The  changes  in  rate  of  02  production  or  uptake  produced  in  Porphyridium  cruentum  by 
green  light  which  is  mainly  absorbed  by  phycoerythrin  compared  with  the  changes  caused  by  red 
light,  mainly  absorbed  by  chlorophyll.  The  photosynthetic  rate,  P,  is  taken  as  the  constant  level  above 
the  respiratory  base  line.  The  respiratory  stimulation,  N,  is  taken  as  the  estimated  steady-state  value 
of  the  02  uptake  as  obtained  by  back  extrapolation  of  the  decay  curve  to  the  moment  the  light  went 
off.  The  intensity  incident  on  the  cells  at  570  mu  was  178  and  that  at  695  mu  was  216  ergs  cm-2 
sec-1.    Recorder  sensitivity  =  4.42  X  10-3  uA/division. 


prolonged  negative  rate  after  the  light  ex- 
posure appears  to  be  a  photostimulation  of 
respiration  like  that  described  by  Brackett. 
It  looks  as  though  some  photosynthetic  in- 
termediate, which  can  be  used  up  by  the 
respiratory  cycle,  was  produced  in  appreci- 
able quantity  by  the  red  light.  The  half- 
life  of  this  respiration-stimulating  material, 
which  we  call  x,  is  about  1.1  minutes. 

In  comparison  with  red  light,  which  is 
absorbed  by  chlorophyll  a,  green  light, 
which  is  absorbed  by  phycoerythrin,  is 
far  more  effective  for  photosynthesis. 
Green,  however,  is  far  less  effective  for  pro- 
ducing the  respiratory  stimulation  as  seen 
in  figure   1.    Green  is  also  less  effective 


cm  from  two  15-watt  fluorescent  lamps 
(one  cool  and  one  warm  white).  For 
growth  and  for  the  measurements  which 
were  made  at  21  °C  the  medium  was  satu- 
rated with  5  per  cent  C02  in  air.  The 
platinum  electrode  surface  was  1.0  by 
15.3  mm. 

Negative  spikes.  At  lower  light  intensi- 
ties than  those  of  figure  1  and  at  a  higher 
recorder  sensitivity,  the  momentary  nega- 
tive deflections  at  the  start  of  the  illumina- 
tion period  were  more  prominent.  A  trac- 
ing of  some  records  showing  the  negative 
spikes  is  given  in  figure  2.  For  this  experi- 
ment 7-day-old  cells  were  studied  in  arti- 
ficial sea  water  saturated  with  2  per  cent 
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02  and  5  per  cent  CO2  in  N2  at  20  °C. 
Strangely  enough,  the  negative  spike  can 
be  found  at  intensities  so  low  as  to  pro- 
duce no  measurable  photosynthesis.  Such 
a  net  O2  exchange  of  zero  in  weak  light 
presumably  results  from  an  exact  balance 
of  respiratory  stimulation  and  photosynthe- 
sis. In  several  cultures  the  negative  spikes 
could  not  be  seen  under  any  conditions. 


maxima  of  the  three  forms  of  chlorophyll 
a.  In  figure  3>B  the  action  spectrum  for 
the  magnitude  of  the  negative  spike  is 
compared  with  that  for  photosynthesis. 
The  photosynthetic  rates  are  shown  on  a 
scale  twice  as  large  as  that  for  the  negative 
spikes.    The  data  for  photosynthesis  and 


Time,  minutes 

Fig.  2.  Momentary  changes  in  rates  of  02  evo- 
lution or  uptake  at  the  beginning  and  end  of 
exposures  to  weak  monochromatic  light.  The 
downward  deflection,  called  the  negative  spike, 
is  probably  caused  by  the  respiratory  stimulation 
starting  before  photosynthesis  reaches  an  appre- 
ciable rate.  These  and  similar  measurements 
were  used  to  plot  the  action  spectra  in  figure  35. 
The  intensity  at  670  mn  was  92  and  at  570  was 
89  ergs  cm-2  sec-1.  Recorder  sensitivity  =  1.75  X 
10-3   nA/division. 

The  negative  spike  at  the  start  of  a  light 
period  and  the  respiratory  stimulation  fol- 
lowing a  light  period  appear  to  be  merely 
different  manifestations  of  the  same  thing. 
If  respiratory  stimulation  starts  a  few  sec- 
onds sooner  than  02  evolution  the  negative 
spike  would  result  from  this  unbalance. 
The  opposite  case— the  more  rapid  rise  of 
02  evolution  than  of  respiratory  stimula- 
tion—has been  discussed  by  Blinks. 

Action  spectra.  Figure  3A  shows  the 
absorption  spectrum  of  P.  cruentum  and 
indicates  the  spectral  regions  absorbed  by 
several  pigments.  The  arrows  over  the  red 
chlorophyll  band  indicate  the  absorption 


10 

CD 

a> 

c 
o 
-^     5 

X 

CD 

OJ 

o    0 
o 

_CD    15 

o 

CD 

■S.  I0 
B 

CD 

rr 


Negative  spike  «*re        p 
Photosynthesis  (at  2X  scale)    y 


*■«■«« 


Photosynthesis   / 


Photostimulation       C 
of  respiration 


>c 


450  500  550   600  650  700 

Wavelength,  rnju 

Fig.  3.  A.  The  absorption  spectrum  of  P. 
cruentum,  showing  the  bands  characteristic  of 
several  photosynthetic  pigments.  B.  The  action 
spectrum  for  photosynthesis  compared  with  that 
for  the  initial  negative  spike  in  the  same  prep- 
aration. Part  of  the  data  for  this  spectrum  are 
shown  in  figure  2.  C.  The  action  spectrum  for 
photosynthesis  and  for  the  respiratory  stimulation 
following  a  light  exposure,  from  data  similar  to 
and  including  those  illustrated  in  figure  1. 

for  the  negative  spikes  came  from  the  same 
series  of  measurements,  part  of  which  are 
shown  in  figure  2.  Even  though  the  in- 
tensity was  very  low  the  spikes  in  the 
red  were  approaching  their  saturation  level, 
a  circumstance  which  compresses  the  top 
of  the  red  peak  in  this  action  spectrum. 
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Figure  3C  shows  a  similar  comparison 
of  action  spectra  for  photosynthesis  and  for 
the  respiratory  stimulation  following  the 
light  period.  The  respiratory  stimulation 
plotted  is  the  value  of  N,  obtained  as 
shown  in  figure  1.  Both  N  and  the  photo- 
synthetic  02  production  rate,  P,  were  ob- 
tained from  the  same  set  of  measurements 
of  which  figure  1  represents  a  part.  Both 
are  plotted  on  the  same  vertical  scale,  but 
this  scale  differs  from  that  of  figure  1  be- 
cause of  correction  factors  between  0.6  and 
1.0  to  compensate  for  changes  in  P  and  in 
N  at  695  m|j  with  time. 

These  action  spectra  show  that  the 
respiratory  stimulation  following  a  light 
exposure  and  the  negative  spike  at  the 
start  of  a  light  exposure  are  produced  by 
activation  of  chlorophyll  a.  Oxygen  evolu- 
tion, however,  is  much  greater  for  light 
absorbed  by  phycoerythrin,  a  fact  that  has 
been  well  known  for  red  algae  since  the 
work  of  Haxo  and  Blinks.  The  low  effec- 
tiveness of  chlorophyll  for  net  O2  produc- 
tion in  red  algae  may  well  be  due  to  the 
large  magnitude  of  the  concomitant 
respiratory  stimulation. 

A  scheme  summarizing  the  interactions 
between  the  two  pigment  systems.  Meas- 
urements of  enhancement  require  the  si- 
multaneous exposure  to  two  different 
wavelengths,  and  the  chromatic  transient 
measurements  require  an  exposure  to  one 
wavelength  followed  by  another.  In  pres- 
ent experiments,  both  respiratory  stimula- 
tion and  photosynthesis  are  separately  de- 
termined for  a  single  light  exposure.  We 
can  therefore  plot  two  different  action 
spectra  from  each  set  of  measurements. 
This  makes  possible  the  development  of  a 
clearer  view  of  the  nature  of  the  two  re- 
actions. 

The  following  scheme  2  summarizes  our 
present  concept  of  the  two  reactions  and 
of  the  interaction  of  their  products  as  well 

2  While  this  work  was  in  progress  a  scheme 
identical  to  reactions  1  to  3  was  suggested  by 
Brody  and  Brody. 


as  the  relation  of  one  of  the  products  to 
the  photostimulation  of  respiration: 

Long-wavelength  chlorophyll  reaction: 

A >x  (1) 

Accessory-pigment  reaction : 

xa 
B >y  (2) 

Oxygen  production: 

*  +  y-»02  +  A  +  B  (3) 
Photostimulation  of  respiration: 

*  +  02->A  (4) 

Reaction  3  is  itself  presumed  to  consist  of 
a  number  of  separate  steps.  It  indicates 
merely  that  both  x  and  y  are  used  up  in  02 
production  and  that  the  concentration  of 
either  may  limit  the  rate  but  does  not 
imply  that  the  two  substances  actually  re- 
act with  each  other.  Similarly,  reaction  4 
may  or  may  not  refer  to  the  usual  respira- 
tory cycles  and  intermediates;  it  merely 
states  that  x,  or  something  formed  from 
it,  is  easily  oxidized. 

In  red  light  the  LWC  reaction  greatly 
predominates;  in  green,  the  AP  reaction 
is  far  in  excess  of  the  LWC  reaction.  At 
all  wavelengths,  however,  there  is  some  ac- 
tive absorption  of  light  by  each  of  the  two 
pigment  systems.  The  overlapping  absorp- 
tion of  the  two  different  pigment  systems 
accounts  for  the  circumstance  that  the 
separate  reactions  were  not  clearly  recog- 
nized long  ago. 

Only  on  the  long-wavelength  side  of  the 
red  chlorophyll  band  is  this  overlap  so 
small  as  to  result  in  a  limiting  supply  of 
y  to  the  AP  reaction.  The  long-wavelength 
decline  in  photosynthesis  discovered  by 
Emerson  and  Lewis,  we  believe,  is  due  to 
the  lack  of  sufficient  overlap  in  this  part 
of  the  spectrum.  The  steady-state  concen- 
tration of  A  becomes  limiting  above  very 
low  red  light  intensities  as  is  shown  by  the 
light  saturation  experiments  described  be- 
low. But  the  simultaneous  presentation  of 
green  at  a  high  enough  intensity  can  re- 
generate A  through  reactions  2  and  3. 
This  regeneration  of  A  by  green  light  when 
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given  in  addition  to  red  light  would  allow 
a  greater  rate  of  production  of  x.  The 
resulting  increased  production  of  x  and  the 
increased  y  concentration  from  green  light 
could  well  account  for  the  Emerson  en- 
hancement effect.  With  red  light  alone 
the  production  of  x  would  lead  to  in- 
creased respiratory  stimulation;  with  green 
providing  sufficient  y,  more  of  x  would 
give  02  through  reaction  3.  Some  support 
for  this  scheme  was  obtained  by  studies 
of  the  interaction  of  two  light  beams. 

Interaction  between  the  products  of  the 
two  reactions.  According  to  the  scheme 
it  would  be  expected  that  a  change  from 
red  to  green  would  produce  less  of  a 
respiratory  stimulation  than  a  change  from 
red  to  dark;  Actually,  the  respiratory 
stimulation  was  found  to  be  about  the  same 
after  going  from  red  to  an  equal  intensity 
of  green  as  it  is  following  the  change  from 
red  to  dark.  In  order  to  show  the  utiliza- 
tion of  the  LWC  product,  x,  by  the  AP 
reaction  product,  y,  it  is  necessary  to  go  to 
higher  intensities  of  green  light. 

The  red  exposures  were  therefore  given 
with  several  intensities  of  continuous 
green  background  light.    The  results  are 


summarized  in  table  1.  The  data  of  table  1 
show  that,  if  the  green  light  is  intense 
enough  to  give  a  high  rate  of  production 
of  y,  the  respiratory  stimulation  is  strongly 
reduced.  This  comes  about  through  re- 
moval of  x  by  y  according  to  reaction  3. 

A  similar  effect  of  continuous  green 
background  light  on  the  inhibition  of  the 
negative  spike  is  shown  in  table  2.  Tables 
1  and  2  show  the  interaction  of  the  red 
and  the  green  light  products  in  two  ways. 
In  the  first  place  they  show  the  well  known 
Emerson  enhancement  effect  of  increased 
photosynthesis  from  two  beams,  one  driv- 
ing the  LWC  reaction,  the  other  driving 
the  AP  reaction.  The  tables  also  show  that 
the  negative  spike  and  the  photostimula- 
tion  of  respiration  caused  by  the  LWC  re- 
action are  reduced  in  magnitude  by  the 
product  of  the  AP  reaction  through  re- 
action 3. 

Further  evidence  for  the  interaction  of 
x  and  y,  in  this  case  both  of  them  coming 
from  red  light  alone,  is  shown  in  figure  4. 
This  experiment  could  be  interpreted  as 
an  enhancement  of  photosynthesis  in  red 
light  caused  by  a  previous  exposure  to  the 
same  beam.  Light  of  wavelength  694  m(j 


TABLE  1.    Reduction  of  Respiratory  Stimulation  after  an  Exposure  to  Red  Light 
by  Continuous  Green  Background  Light  of  Two  Intensities 


Green  light  (567  mu)  intensity 

Photosynthetic  response  to  green  light  alone,   uA 

Photosynthetic  response  to  red  light  (694  mu)  with 
different  green  light  intensities  superimposed,  uA 

Respiratory  stimulation  after  exposure  to  red  light 
with  different  green  light  intensities  superim- 
posed, uA 


0 
0 

0.0817 


0.196 


Weak 
0.655 

>0.2* 


0.130 


Bright 
1.72 

0.426* 
0.0655 


*  This  increased  effectiveness  of  red  light  in  the  presence  of  green  is  the  Emerson  enhancement 
effect. 


TABLE  2.     Reduction   of  the  Negative   Spike  from   Red  Light  by   Continuous   Green 

Background  Light 


Green  light  (567  mu)  intensity 

Photosynthetic  response   to   green   light   alone,   uA 

Photosynthetic  response  to  red  light  (680  mu)  with 
different  green  light  intensities  superimposed,  uA 

Respiratory  stimulation  after  exposure  to  red  light 
with  different  green  light  intensities  superim- 
posed, uA 


0 
0 

Weak 
10.5  X  10-3 

Bright 
70  X  10-3 

0.53  X  10-3 

7.0  X  10-3 

9.5  X  10-3 

16.6   X10-3 

6.8  X  10-3 

1.8X10-3 
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Time,  minutes 

Fig.  4.  The  effect  of  a  second  exposure  to  the 
same  beam  of  red  light  timed  to  start  at  the  mo- 
ment of  maximum  respiratory  stimulation. 

from  an  interference  filter  was  put  on  the 
cells,  and  a  deflection  of  21  units  was  ob- 
tained after  1  minute.  The  light  was  then 
put  off  for  1  minute,  then  on  again  for 
70  seconds.  The  time  of  the  second  ex- 
posure was  chosen  to  start  at  the  bottom  of 
the  respiratory  stimulation  produced  by  the 
first  exposure.  The  deflection  produced  by 
the  second  exposure  was  47  units  above  the 
low  point  at  which  the  exposure  started. 
Stated  in  another  way :  if  photosynthesis  is 
measured  as  the  difference  in  light  and 
dark   deflections  for   1-minute   exposures, 


the  rate  so  determined  is  more  than  twice 
that  observed  from  the  steady-state  light- 
dark  difference.  This  would  not  be  true, 
however,  for  green  light,  which  produces 
less  respiratory  stimulation.  The  implica- 
tions of  observations  of  this  type  in  meas- 
urements of  quantum  yields  or  of  action 
spectra  have  been  pointed  out  by  Brackett. 

Light  saturation  curves  for  respiratory 
stimulation  and  for  the  negative  spikes. 
Another  difference  between  respiratory 
stimulation  and  02  evolution  is  in  the 
light  intensity  required  to  saturate  the  two 
processes.  Figure  5  shows  that  the  respira- 
tory stimulation  passes  through  a  broad 
maximum,  declining  gradually  above,  and 
sharply  below,  about  2000  ergs  cm-2  sec-1 
at  694  mjj.  Since  the  negative  spike  ap- 
pears to  depend  on  the  difference  in  the 
time  courses  of  respiratory  stimulation  and 
of  02  evolution  the  very  different  value 
for  its  maximum  (100  to  200  ergs  cm-2 
sec-1)  in  figure  6  is  understandable.  It  is 
important  for  experimental  reasons  to 
know  that  the  effect  is  best  observed  at 
these  very  low  intensities. 

The  low  saturation  level  of  photostimu- 
lated  respiration  as  compared  with  that  for 
photosynthesis  and  its  decrease  at  higher 


250 


8000 


Light  intensity,  ergs  cm"2  sec" 

Fig.  5.  Respiratory  stimulation  saturates  at  an  intensity  of  2000  ergs  cm-2  sec-1,  which  is  far 
below  the  saturating  intensity  for  photosynthesis.  Wavelength  694  m(i.  Recorder  sensitivity  = 
6.82  X  10-3   uA/division. 
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0  100  200  300  400 

Light   intensity,  ergs  cm"2  sec"1 

Fig.  6.  The  negative  spike  production  is 
saturated  at  100  to  200  ergs  cm-2  sec-1,  an  ex- 
tremely low  intensity.  Wavelength  680  mu. 
Recorder    sensitivity  =  1.75  X  10~3    uA/division. 

intensities  is  attributed  to  a  low  total 
amount  of  A,  the  precursor  of  x,  in  the 
kinetic  scheme. 

General  discussion.  The  observation 
that  chlorophyll  fluorescence  results  when 
light  is  absorbed  by  phycobilin  pigments 
(Year  Book  50,  p.  122,  1951)  has  led  to 
the  hypothesis  that  accessory  pigments 
function  in  photosynthesis  only  in  so  far 
as  they  absorb  and  transfer  energy  to 
chlorophyll  a.  The  concept  of  two  separate 
photochemical  functions  for  chlorophyll 
and  phycobilins  would  seem  inconsistent 
with  the  energy-transfer  hypothesis.  It  is 
to  be  noted,  however,  that  the  short-wave- 
length form  of  chlorophyll  a  (Ca673) 
seems  to  function  like  the  accessory  pig- 
ments. A  possibility  exists  that  CG673  re- 
ceives energy  transferred  from  phycobilins 
and  mediates  one  photochemical  reaction 
whereas  Ctt694  mediates  another  reaction 
upon  direct  absorption  of  light. 

The  picture  advocated  here  attributes  the 
respiratory  stimulation  to  the  long-wave- 
length form  of  chlorophyll  a  in  P.  cru- 
entum.  In  Chlorella,  however,  Emerson 
and  Lewis  found  that  wavelength  480  mu, 
absorbed  by  accessory  pigments,  stimulated 
the  respiration  of  Chlorella  in  a  succeeding 
dark  period  rather  than  red  light.  It  is 
possible  to  imagine  that  the  comparative 


lifetimes  of  x  and  of  y  might  be  very  dif- 
ferent in  various  species  of  plants.  If  it 
turns  out  that  y  survives  longer  than  x  in 
Chlorella,  and  is  an  equally  acceptable 
respiratory  substrate,  the  general  useful- 
ness of  the  scheme  here  presented  would 
not  be  invalidated  by  this  difference  be- 
tween Chlorella  and  Porphyridium. 

The  applicability,  in  detail,  of  this 
kinetic  scheme  to  different  plants  remains 
to  be  investigated,  but  it  is  already  evident 
that  numerous  species  of  algae  certainly 
have  two  functionally  discrete  pigment 
systems. 

Some  Computer  Solutions   of   a   Two- 
Pigment   Kinetic    Model    for 
Photosynthetic   Rates 

C.  S.  French  and  D.  C.  For\ 

Many  papers  on  the  mechanisms  of  pho- 
tosynthesis end  with  the  proposal  of  some 
sort  of  a  model  scheme.  Less  frequently, 
however,  is  an  attempt  made  to  show  any 
quantitative  comparisons  of  such  models 
with  actual  experimental  data.  Such  at- 
tempts can  be  very  informative,  not  only 
in  testing  the  truth  of  the  relations  so 
expressed  but  also  in  defining  the  limits  of 
the  model's  applicability.  We  have  there- 
fore used  the  proposed  two-pigment  model 
with  arbitrarily  assumed  constants  to  com- 
pute time-course  curves  for  02  exchange 
of  algae  exposed  to  light.  The  nature  of 
these  time-course  curves  for  various  values 
of  the  constants  has  been  explored,  and 
some  comparisons  have  been  made  be- 
tween measured  and  calculated  curves. 

The  exhaustive  study  of  a  model  system 
which  is  so  obviously  an  oversimplification 
of  reality  can  well  become  a  trivial  or  even 
a  self-deluding  enterprise.  Nevertheless, 
the  observed  enhancing  efTect  of  activating 
two  pigments  combined  with  the  marked 
stimulation  of  02  uptake  by  only  one  of 
them  provided  experimental  data  of  such  a 
clear  pattern  that  a  basically  simple  mecha- 
nism appeared  to  underlie  the  experimen- 
tal measurements.  Computations  from  the 
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model  have  already  shown  some  useful 
aspects  of  this  approach  and  have  also  indi- 
cated some  features  of  the  measurements 
that  the  model  does  not  explain. 

The  kinetic  model  developed  as  a  result 
of  the  Porphyridium  work  described  in  the 
preceding  section  states  that  a  product 
formed  by  one  pigment  system  and  an- 
other product  made  by  a  second  pigment 
system  are  both  used  in  the  process  of 
photosynthesis.  One  product,  but  not  the 
other,  is  rapidly  utilized  for  02  consump- 
tion both  in  light  and  in  darkness.   This 


action  sequences.  The  two  primary  photo- 
chemical reactions  are: 

Long-wavelength  chlorophyll  reaction 

Ft 


A 


■*  x 


Accessory-pigment  reaction 
B >y 


(1) 


(2) 


A  and  B  are  substances  transformed  by 
light  into  their  corresponding  products  x 
and  y.  Fx  is  the  effective  quantity  of  light 
absorbed  per  unit  time  by  chlorophyll  a, 


Model  reaction  sequences 
—A 


F, 


A 


F, 


x 


Light 
input 


Fo *    n      F2 


B 


•/ 


X 


*  +  02-^-A 


X 


y 


*+/-^A+B+02 


B 


Oo  in 


♦02  out 


Fig.  7.  A  block  diagram  to  illustrate  the  reaction  sequences  of  the  model. 


model  is  intended  to  represent  only  the 
rate-limiting  steps  in  the  over-all  process. 
Each  reaction  is  presumed  to  consist  of 
several  individual  steps.  Because  of  the 
conflicting  and  rapidly  changing  concepts 
of  the  intermediary  biochemistry  of  photo- 
synthesis, we  have  avoided  assigning  spe- 
cific chemical  names  to  the  rate-limiting 
intermediate  substances  under  discussion. 
An  identical  model,  lacking  only  the 
respiratory  stimulation  step,  was  published 
by  Brody  and  Brody  while  this  work  was 
in  progress. 

The  model  and  its  corresponding  rate 
equations.    Figure  7  shows  the  model  re- 


and  F2  is  that  absorbed  by  an  accessory 
pigment.  Fx  —  haifyi,  where  h  is  the 
light  intensity  expressed  in  quanta  per 
second  incident  on  a  thin  layer  of  algae, 
ok  is  the  absorption  coefficient  of  the  ac- 
tive long-wavelength  form  of  chlorophyll 
a  in  vivo,  and  ^i  is  the  quantum  efficiency 
of  reaction  1.  Similarly,  F2  =  hoi2§2  for 
the  accessory-pigment  system.  There  is  no 
reason  to  assume  that  $i  —  4>2. 
In  another  step  of  the  model: 

x  +  y ■ — »A  +  B  +  02         (3) 

The  products  x  and  y  interact  to  liberate 
02  and  to  regenerate  their  precursors  A 
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and  B.  x  and  y  need  not  be  the  actual 
molecular  species  produced  by  reactions  1 
and  2  but  may  equally  well  be  later 
products  derived  from  them  by  intermedi- 
ate reactions  that  do  not  themselves  be- 
come rate-limiting.  The  available  concen- 
trations of  the  reactants  in  reaction  3  are, 
however,  presumed  to  be  equal  or  pro- 
portional to  the  amounts  of  x  and  y  pro- 
duced by  reactions  1  and  2,  and  so  they  are 
designated  by  the  same  letters  for  rate  cal- 
culations. Reaction  3  presumably  uses  up 
water,  which  is  constant  in  concentration 
and  is  omitted  from  the  rate  equation. 
A  further  reaction: 


*  +  02 >A  (4) 

The  consumption  of  02  and  of  x  (a 
product  of  reaction  1)  can  be  readily  ob- 
served in  Porphyridium  and  in  a  Chlamy- 
domonas  mutant  but  occurs  to  a  lesser 
extent  in  other  commonly  used  algae.  It 
was  also  found  this  year  by  McLeod  in 
Phormidium  persicinum  grown  under  red 
light  but  not  in  that  grown  under  fluores- 
cent light. 

The  following  rate  equations  follow 
from  the  above  reactions: 

dx/dt  =  FiA  -  Ksxy  -  K,x  (5) 

dyjdi  =  F2B  -  K3xy  (6) 

dhjdt  =  Ksxy  +  K*x  -FiA  (7) 

dB/dt  =  K3xy  -  F2B  (8) 

d02/dt  =  Ksxy  -  K,x  (9) 

For  a  given  sample  of  photosynthetic  plant 
material,  K3  and  K±  are  temperature- 
sensitive  rate  constants  independent  of 
light  intensity.  Fi  is  proportional  to  the 
light  flux  absorbed  by  chlorophyll  pig- 
ments driving  reaction  1,  and  F2  is  pro- 
portional to  the  light  flux  absorbed  by  the 
accessory  pigments  driving  reaction  2. 
d02/dt  is  measurable  as  a  function  of  time, 
temperature,  and  light  intensity.  A  and  B, 
as  well  as  x  and  y,  are  variables  when  the 
material  is  first  illuminated,  but  they  may 
reach  steady-state  concentration  levels  in 
continuous  light;  they  are  then  called  A*,, 


etc.  In  the  dark  a  different  steady-state 
level  of  each,  designated  Ao,  etc.,  is  reached. 
For  calculating  the  time  course  of  d02/dt 
during  illumination,  Ao,  Bo,  #o,  yo  are  used 
for  the  initial  conditions  and  Aoo,  Boo,  x<x, 
y<c  are  the  initial  conditions  for  calculating 
the  d02/dt  time  course  in  the  dark  after 
a  light  exposure. 

The  effects  of  the  various  factors  that 
control  the  rate  of  02  exchange  are  re- 
lated to  each  other  and  are  interdependent 
in  a  complex  way  so  that  the  effect  of  vary- 
ing one  parameter  is  determined  by  the 
values  of  the  others  as  seen  in  figure  7.  Not 
only  the  amount  of  change  produced  by  a 
certain  variation  of  one  parameter  but 
even  its  sign  may  be  dependent  on  the 
values  of  the  other  parameters.  Only  by 
the  use  of  an  analog  computer  can  these 
interrelations  be  understood  and  the  pre- 
dictions of  a  kinetic  model  be  compared 
with  actual  data. 

A  partial  study  was  made  of  the  proper- 
ties of  the  kinetic  scheme  by  a  Donner 
D-C  Analog  Computer  kindly  loaned  by 
Ault  Associates  of  Menlo  Park,  California. 
The  results  showed  that,  by  appropriate 
choice  of  constants,  the  proposed  scheme 
can  account  surprisingly  well  for  many  of 
the  well  known  effects  on  rates  of  02  ex- 
change caused  by  exposing  algae  to  light 
of  various  wavelengths. 

The  computer  output,  generally  d02/dt, 
was  plotted  as  a  function  of  time  by  a 
Nesco  recorder.  In  addition,  plots  were 
also  made  of  A,  x,  and  y  as  functions  of 
time  for  various  choices  of  the  parameters 
Fi,  F2,  K3,  Ki,  Ao  and  Bo,  while  xo  and  yo 
were  set  to  0.  The  substitution  of  F2'  for 
F2B  is  a  simplification  based  on  the  as- 
sumption that  B  is  large  enough  so  that 
small  variations  in  its  concentration  do  not 
influence  the  rate. 

Some  time-course  curves  derived  from 
the  model  with  various  parameters.  Fig- 
ure 8  shows  computer  time-course  curves 
for  d02/dt  which  have  similarity  to  those 
observed  for  live  algae  under  various  con- 
ditions. By  appropriate  variation  of  each 
constant  as  shown  by  the  values  listed  in 
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Computer  curves, constants  varied 
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Fig.  8.  The  time  course  for  02  exchange  calculated  from  the  model  with  each  constant  varied 
separately.  The  curve  for  the  standard  conditions  is  shown  dotted  in  each  set.  For  these  standard 
conditions  the  time  course  of  x  and  of  y  is  also  shown.  Standard  conditions:  A0  =  15  v,  F1  =  0.20, 
F2'  =  0.0196,  K3  —  0.40,  K4  —  0.25.  Equations  5,  6,  7,  and  9  of  the  text  were  used.  The  second 
part  of  the  records  for  "dark"  is  with  Fx  =  F2'  =  0. 


the  different  sections  of  figure  8,  curves 
are  obtained  that  resemble  02  time-course 
curves  of  Porphyridium  in  red  or  green 
light.  Because  of  the  expanded  time  scale 
of  the  computer,  only  relative,  not  absolute, 
values  of  the  constants  are  significant. 
Furthermore,  the  negative  values  of 
dOifdt  with  high  values  of  A0  or  Fi  have 
their  counterpart  in  the  actual  time-course 
curves  of  figure  9  for  02  evolution 
measured  in  collaboration  with  Dr.  Sager 
when  a  pale-green  Chlamydomonas  mu- 
tant was  exposed  to  light  at  480  mu. 

The  standard  conditions  giving  the 
dotted  curves  about  which  parameters  were 
varied  in  figure  8  were  those  representing 


green  light.  Suitable  values  of  K*  give  rise 
to  time-course  curves  as  shown  in  figure  10, 
which  exhibit  the  "negative  spike"  and 
the  "respiratory  stimulation"  similar  to 
those  obtained  with  Porphyridium  in  red 
light  (figs.  1  and  2). 

An  attempt  has  been  made  in  figure  11 
to  match  02  exchange  curves  measured 
for  Porphyridium  in  red  and  green  light 
with  computer  curves.  A  reasonably  close 
approximation  was  achieved.  Enhance- 
ment was  observed  in  Porphyridium  when 
red  and  green  light  were  presented  simul- 
taneously. The  sum  of  the  O2  production 
sustained  by  the  red  and  green  beams 
alone  is  indicated  in  figure  5.   "Enhance- 
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Fig.  9.  Time-course  curves  for  02  exchange  in 
a  Chlamydomonas  mutant,  Sager  95,  made  in  col- 
laboration with  Dr.  Ruth  Sager.  Measured  on  a 
platinum  electrode  at  19.1  °C  in  Knop's  solution 
with  5  per  cent  C02  in  air.  Red  light,  680  mu, 
blue  light,  480  mu.  At  480  mu  the  02  exchange 
of  the  alga  becomes  negative  during  the  light 
period,  as  do  the  computer  curves  in  figure  2 
with  Ao  =  40  v. 


ment"  was  also  found  when  the  values 
of  Ft  and  F2'  for  red  and  gj-een  computer 
curves  were  added. 


Computer  curves-  negative  spike, 
respiratory  stimulation 
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Fig.  10.  Time-course  curves  calculated  from 
the  model  with  constants  selected  to  show  the 
"respiratory  stimulation"  following  a  light  period 
and  the  "negative  spikes."  Conditions:  A0 
=  15  v,  F^O.6,  F2'  =  0.036,  Ks  =  0A,  K4 
varied  as  numbers  in  figures  show. 
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Fig.  11.  Time  course  of  02  exchange  in  Porphyridium  cruentum  compared  with  computer  curves. 
The  measured  curves  were  made  with  red,  680  mu,  and  with  green,  567  mu,  light  as  well  as  both 
beams  together.  The  constants  used  for  the  computer  curves  were  selected  to  give  an  approximate 
match  to  the  red  and  the  green  measured  curves  keeping  A0,  K3i  and  K±  the  same  for  all.  Fx  and  F2 
values  were  selected  to  approximate  the  red  and  the  green  light  experimental  data;  for  "red"  and 
"green"  together  the  sum  of  F-l  and  F2    for  "green"  and  for  "red"  alone  were  used. 

The  Emerson  enhancement  effect  is  the  ratio  of  the  curve  for  both  beams  together  to  the  sum  of 
the  red  and  green  curves.  The  value  obtained  experimentally  is  greater  than  that  computed  by  the 
model  with  the  sum  of  the  constants  selected  for  the  "red"  and  the  "green"  curves.  The  constants 
used  were:  Ao  =  20  v,  K3  =  0.40,  K4  =  025,  Fx  =  0.25  for  both  "red"  and  "green,"  F1  =  0.50  for 
"red  +  green."    F2'  =  0.024  for  "red,"  F2  =  0.40  for  "green,"  F2'  =  0.064  for  "red  +  green." 
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The  nature  of  the  model  is  so  elementary  same  platinum  electrode  as  the  static  sys- 
that  it  is  not  surprising  to  find  that  it  can-  tern,  and  the  algae  on  its  surface  are 
not  cover  all  the  phenomena  observed  in  covered  in  the  same  way  by  a  dialysis  mem- 
the  time-course  curves  of  02  exchange  seen  brane.  However,  the  salt  solution  flows 
with  live  algae.  The  surprising  thing  was  over  the  membrane,  thus  avoiding  the  long 
the  finding  that  so  many  phenomena  wait  for  the  establishment  of  a  constant 
actually  are  described  at  least  in  rough  diffusion  gradient  of  oxygen  in  the  solu- 
approximation  by  this  kinetic  scheme.  The  tion.  The  salt  solution  is  circulated  from  a 
conclusion  at  present  is  that  this  two-  20-liter  bottle  in  which  it  can  be  thermo- 
pigment  scheme,  or  something  reasonably  statted  and  equilibrated  with  gas.  For  ex- 
close  to  it,  is  actually  correct  in  outline  periments  with  various  solutions  a  500-cc 
form.  Deviations  in  the  behavior  of  real  cylinder  is  used  instead  of  the  large  bottle, 
cells  from  that  predicted  by  the  model  A  constant  flow  rate  is  achieved  by  driving 
could  well  be  expected  from  side  reactions  the  pump  with  a  synchronous  motor.  The 
of  intermediates  with  other  cell  constitu-  pump  must  be  well  insulated,  electrically 
ents.  Furthermore,  each  reaction  in  the  and  thermally,  from  the  motor.  The  refer- 
model  is  presumed  to  consist  of  a  number  ence  electrode  is  a  1  by  2 J/2  inch  sheet  of 
of  actual  steps.  In  the  model  no  account  is  silver  coated  with  AgCl,  rolled  to  a 
taken  of  the  likely  possibility  that  under  cylinder,  and  placed  in  the  flowing  solution 
certain  conditions  some  of  these  inter-  near  the  platinum  electrode  assembly.  Fol- 
mediate  steps  could  be  slow  enough  to  lowing  the  advice  of  Professor  Myers  plans 
complicate  the  kinetics.  have  been  made  to  isolate  the  AgCl  elec- 

Some  very  rough  approximations  to  the  trode  from  the  flowing  solution  by  an  agar 

chromatic  transient  effects  were  duplicated  bridge  to  avoid  the  toxic  effects  of  Ag+. 

by  the  model.  The  positive  spike  of  figure  With  the  present  system  the  photosynthetic 

2  produced  when  the  light  was  turned  rate  of  the  algae  decreases  during  the  day. 
off  is  not  explained  at  all  by  the  model,  nor         The    electrode    voltage    supply    and    a 

does   it  explain  the  more   complex  time  rough  balancing  circuit,  both  powered  by 

courses  often  seen  for  live  algae.  1.35-volt  Mallory  mercury  batteries,  are  en- 
closed in  a  box  made  of  ^-inch  aluminum 

Measurement  of  Photosynthetic  Action  plates  to  keep  all  the  resistors  and  soldered 

Spectra  junctions  at  the  same  temperature.   The 

^   „  ^       ,t^^t^7        ttot,  voltage  across  a  100-ohm  resistor  in  series 

C.  S.  French,  D.  C.  Fork,  and  J.  S.  Brown  ^  ^  dcctrodcs  -,  measured  by  a  Beck- 

Two  years  ago  an  automatic  recording  man  model  14  amplifier.    This  amplifier 

spectrophotometer  for  the  measurement  of  also  is  used  between  a  thermopile  and  a 

photosynthetic  action  spectra  was  described  recorder  to  measure  the  light  intensity  for 

(Yearbook  58,  p.  323,  1959).  Much  of  the  calibrations. 

work  reported  last  year  on  the  function         The    effectiveness    of    different    wave- 

of  various  plant  pigments  was  done  with  lengths  in  producing  photosynthesis  is  the 

this  device   (Yearbook  59,  p.  336,  1960).  relative  rate  of  photosynthesis  divided  by 

Some  limitations  on  its  general  adaptability  the  intensity  expressed  in  relative  numbers 

for  use  with  troublesome  species  of  algae  of  incident  quanta  per  unit  time,  P/I.  The 

have  been  explored,  and  several  modifica-  apparatus  was  originally  designed  to  keep 

tions  have  been  made  in  the  equipment.  the  rate  of  photosynthesis,  P,  constant  by 

In  collaboration  with  Mr.  Guy  McLeod  a   continuous   servo  adjustment   of  light 

an  improved  type  of  sample  holder  was  intensity  as  the  spectrum  is  traversed.  The 

made  to  use  a  flowing  rather  than  a  static  reciprocal  of  the  intensity  is  generated  by 

salt  solution  over  the  algae.  This  system,  another   servo  and   then   plotted   against 

suggested  by   Professor  Myers,   uses  the  wavelength.  This  system  appears  to  have 


DEPARTMENT  OF  PLANT  BIOLOGY         363 


several  advantages  over  the  opposite  system 
of  maintaining  /  constant  and  measuring 
P.  One  anticipated  advantage  was  in  keep- 
ing the  plant  in  the  same  physiological 
state  through  the  maintenance  of  a  con- 
stant photosynthetic  rate.  But,  since  vari- 
ous wavelengths  now  appear  to  have  very 
different  photochemical  effects,  keeping  the 
rate  of  02  evolution  constant  does  not  in 
itself  guarantee  constancy  of  the  state  of 
the  whole  photosynthetic  apparatus  of  the 
plant.  This  system  therefore  leads  to  diffi- 
culties when  the  spectrum  is  swept  over  a 
large  enough  range  to  go  from  a  region 
in  which  one  pigment  absorbs  most  of  the 
light  to  a  region  where  another  pigment 
system  predominates. 

The  respiratory  stimulation,  discussed 
elsewhere  in  this  report,  is  produced  in 
certain  algae  by  wavelengths  absorbed  by 
chlorophyll  but  not  by  phycoerythrin.  The 
resulting  shift  of  base  line  above  which 
photosynthesis  is  recorded  complicates  this 
method  of  measuring  action  spectra. 

With  algae  having  protracted  induction 
periods,  the  principle  of  constant  photo- 
synthetic rate  appeared  to  have  particular 
value.  The  servo  system,  maintaining  the 
constant  photosynthetic  rate,  includes  the 
time  course  of  photosynthesis  in  the  servo 
loop.  A  protracted  induction  period  of 
photosynthesis  leads  to  a  degeneration  of 
the  dynamic  performance  of  the  system. 
A  compensation  adjustment  is  made  for 
each  algal  preparation  by  raising  the  gain 
of  the  servo  power  amplifier  to  produce  a 
slow  oscillation  whose  frequency  is  pri- 
marily determined  by  the  time  lag  in  the 
response  of  photosynthesis  to  a  change  in 
light  intensity.  A  phase  lead  compensating 
network  is  adjusted  for  each  preparation 
to  give  the  maximum  oscillation  frequency. 
The  gain  is  then  reduced  until  the  oscilla- 
tion stops.  This  simple  procedure  suffices 
to  give  good  performance  with  rapidly  re- 
sponding algae.  Unfortunately  the  time 
course  of  the  induction  period  is  itself  de- 
pendent on  wavelength.  The  compensat- 
ing network  is  therefore  adjusted  with  red 
light,  where  the  response  is  slowest. 


With  some  algae  having  prolonged  in- 
duction periods  it  is  not  easily  possible  to 
attain  adequate  performance  of  this  system. 
The  apparatus  was  therefore  modified  to 
operate  on  a  different  principle  when  de- 
sired. We  can  now  sweep  through  the 
spectrum  with  the  intensity  rather  than  the 
photosynthetic  rate  held  constant.  The 
same  servo  system  is  used,  and  either  of  the 
two  modes  of  operation  can  be  selected  by 
a  switch. 

Using  the  constant-intensity  principle  the 
rate  of  photosynthesis  is  recorded  while  the 
spectrum  is  traversed.  The  lag  in  photo- 
synthesis rate  change  in  going  from  one 
wavelength  range  to  another  distorts  the 
recorded  spectra  if  the  sweep  is  too  fast. 
As  a  check  on  this  possible  error,  and  to 
watch  for  a  drift  of  the  base  line  or  of  the 
photosynthetic  capacity  at  a  given  wave- 
length, the  apparatus  can  be  used  for 
point-by-point  measurements  with  auto- 
matic calculation  and  plotting  of  the  points. 

An  error  was  discovered  in  the  curve  on 
the  mechanism  used  to  compensate  for 
changes  of  sensitivity  with  wavelength  of 
the  intensity-measuring  photocell.  This 
error  has  lowered  the  action  spectra  at 
570  mu  as  compared  with  680  m(j  by 
30  per  cent.  Since  an  improved  mechanism 
for  the  purpose  is  being  designed  this  error 
has  not  been  corrected. 

Action  Spectra  for  Photosynthetic  Phos- 
phorylation Using  the  Firefly 
Luminescence  Assay 

D.  C.  For\ 

The  development  of  the  firefly  lumi- 
nescence assay  system  by  Strehler  and 
Hendley  for  the  continuous  observation 
of  ATP  production  by  illuminated  chloro- 
plast  suspensions  has  prompted  the  use 
of  this  method  for  the  determination  of 
action  spectra  for  photosynthetic  phos- 
phorylation. This  assay  method  has  the 
advantages  that  an  action  spectrum  can  be 
obtained  on  a  single  sample  of  chloroplast 
material  and  that  alternate  comparisons  of 
the  response  to  a  reference  wavelength  and 
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other  wavelengths  permit  correction  for 
the  gradual  loss  of  activity  of  the  chloro- 
plast  material  or  of  the  assay  system  itself. 

The  action  spectrum  for  photophos- 
phorylation  in  spinach  chloroplasts  de- 
termined under  aerobic  conditions  using 
the  cofactor  phenazine  methosulfate 
(PMS)  by  Jagendorf  et  al.  showed  a  peak 
near  680  mu.  In  the  recent  symposium 
on  Light  and  Life,  Kok  and  Hoch  have 
shown  that  highest  activity  occurs  in  the 
region  of  700  to  710  mu  if  anaerobic  condi- 
tions are  used  with  PMS. 

The  latter  action  spectrum  was  deter- 
mined with  completely  absorbing  chloro- 
plast  suspensions.  It  was  therefore  con- 
sidered desirable  to  determine  the  action 
spectra  for  photophosphorylation  using 
thin  suspensions  and  employing  a  cofactor 
other  than  PMS,  namely  vitamin  K3. 

The  spinach  and  Swiss  chard  leaves  used 
were  obtained  commercially.  Pokeweed 
was  grown,  and  the  leaves  were  harvested 
just  before  use. 

Illumination  of  chloroplast  suspensions 
was  provided  by  a  Sylvania  118-volt,  625- 
watt  tungsten  iodine  quartz  Sun-Gun 
movie  lamp,  type  DXL.  The  filament  of 
the  lamp  was  imaged  by  a  lens  and  a 
concave  mirror  on  the  window  of  a  Beck- 
man  1-cm  path-length  cuvette  which  con- 
tained 3  ml  of  chloroplast  suspension.  The 
light  was  passed  in  sequence  through  a 
5-cm  water  filter,  a  Bausch  and  Lomb  in- 
terference filter,  and  Corning  glass  filters 
2403,  2408,  2412,  and  2418.  Calibrations  for 
equal  incident  quanta  were  made  by  ad- 
justing the  amperage  of  the  lamp  with  a 
variable  voltage  transformer.  Mono- 
chromatic light  isolated  by  the  interference 
and  Corning  filters  had  a  10-mu  average 
half  band  width. 

To  absorb  actinic  red  light  and  transmit 
the  firefly  luminescence,  a  Corning  blue 
filter  9782  and  one  layer  of  green  celluloid 
were  inserted  between  the  cuvette  and  the 
end  window  of  an  RCA  5819  photomulti- 
plier  tube.  The  green  celluloid  had  a  broad 
peak  transmission  at  about  570  mu  and  a 
half  band  pass  of  75  mu. 


Shutters  were  interposed  between  the 
cuvette  and  the  2418  red  filter  and  in  front 
of  the  photomultiplier  tube.  Mirrors  placed 
at  an  angle  of  45°  on  each  side  of  the 
cuvette  reflected  additional  light  from  the 
side  of  the  cuvette  toward  the  photomulti- 
plier window.  A  battery  pack  provided 
the  800-volt  supply  for  the  photomultiplier. 
The  signal  from  the  photomultiplier 
formed  the  input  to  a  battery-operated  d-c 
amplifier  using  a  Ratheon  CK512AX  tube. 
The  output  of  this  amplifier  was  fed  into 
a  Nesco  recorder  with  a  1-second  response 
time. 

The  firefly  extract  was  obtained  by  grind- 
ing 12  desiccated  firefly  abdomens  (Sigma) 
in  a  mortar  at  0°  to  4°C  in  7  ml  of  0.2  M 
phosphate  buffer  (pH  7.4)  for  12  minutes 
and  centrifuging  the  extract  for  10  minutes 
at  1000  X  g.  Aliquots  of  the  supernatant 
were  kept  in  a  deep  freeze  at  — 18  °C  until 
used. 

Chloroplast  fragments  were  prepared  by 
grinding  leaf  blades  free  of  midribs  in  a 
mortar  at  0°  to  4°C  with  0.35  M  NaCl  and 
0.01  M  sodium  ascorbate,  in  0.02  M  tris 
buffer  (pH  8.2).  The  green  juice  was 
squeezed  through  6  layers  of  cheesecloth 
and  centrifuged  at  200g  for  2  minutes.  The 
supernatant  was  centrifuged  for  8  minutes 
at  1000^  to  sediment  whole  chloroplasts. 
These  were  washed  once  with  fresh  grind- 
ing medium.  The  chloroplasts  were  then 
fragmented  by  osmotic  rupture  by  re- 
suspension  in  0.035  M  NaCl,  0.01  M 
sodium  ascorbate  in  0.02  M  tris  buffer  (/?H 
8.2)  and  stored  at  0°C  in  the  dark  until 
used. 

The  reaction  mixture  contained  the  fol- 
lowing components  (in  micromoles)  in  a 
final  volume  of  3  ml:  tris  buffer  (pH  8.3), 
80;  MgCl2,  10;  K2HP04,  10;  ADP,  10; 
vitamin  K3,  0.3  (dissolved  in  0.05  ml  abso- 
lute methanol);  firefly  extract,  0.43  ml;  a 
0.5-ml  aliquot  of  spinach,  Swiss  chard,  or 
pokeweed  chloroplast  fragments  contain- 
ing 0.200,  0.141,  and  0.051  mg  chlorophyll, 
respectively.  The  reaction  mixture  was 
made  up  to  a  final  volume  of  3  ml  with 
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distilled  water,  shaken  briefly,  and  placed 
in  the  cuvette  holder.  The  action  spectra 
measurements  were  made  in  air  at  room 
temperature  (19°  to  20°C). 

Either  adenosine  mono-  or  diphosphate 
could  be  used  as  phosphate  acceptor.  ADP 
was  used  most  commonly,  since  it  gave 
higher  rates  of  ATP  formation.  The  pho- 
tomultiplier  response  to  the  background 
glow  produced  when  ADP  is  mixed  with 
crude  firefly  extract  (myokinase  action) 
and  chloroplast  suspensions  was  biased  out. 
The  shutter  in  front  of  the  cuvette  was  then 
opened,  allowing  red  light  to  fall  upon  the 
chloroplast  suspension.  Only  the  light- 
induced  increase  in  luminescence  above 
the  background  luminescence  was  re- 
corded. No.  increase  in  luminescence  was 
obtained  when  the  chloroplast  reaction 
mixture  was  illuminated  without  firefly 
extract,  nor  was  any  obtained  upon  illu- 
minating the  reaction  mixture  contain- 
ing firefly  extract  minus  the  chloroplast 
fragments. 

The  response  to  initial  light  exposures 
was  generally  small.  At  times,  a  decrease  in 
luminescence  was  noted  upon  illumina- 
tion. An  "adaptation  period"  of  about  10 
minutes  was  usually  noticed  after  initial 
exposures  wherein  the  background  glow 
dropped  to  a  low  level  compared  with  that 
sustained  initially.  After  the  adaptation 
period,  rapid  increases  in  luminescence 
were  obtained  in  the  light.  Figure  12 
shows  typical  time  courses  of  luminescence 
increase  upon  illumination  of  a  chloroplast 
suspension.  The  initial  rise  in  lumi- 
nescence is  very  rapid,  with  no  noticeable 
induction  period,  and  is  followed  by  a 
rapid  decline  which  gradually  levels  off  to 
a  steady  state  after  about  5  minutes.  When 
the  light  is  turned  off,  the  former  base  level 
is  attained,  probably  owing  to  the  presence 
of  myokinase. 

Action  spectra  were  determined  by  com- 
paring the  maximum  luminescence  ob- 
tained with  alternate  1-minute  exposures 
to  equal  quanta  of  668  mu  and  other  wave- 
lengths. Calibrated  wire  screens  were  used 
to  decrease  the  intensity  of  the  light  beam. 


The  luminescence  produced  by  668-mu 
light  was  linear  with  light  intensity  over 
the  ranges  employed.  Thin  suspensions 
of  chloroplast  material  were  used  in  order 
to  avoid  possible  distortions  of  the  action 
spectra.  A  suspension  of  pokeweed  chloro- 

Spinach  chloroplast  fragments 
with  firefly  extract 
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Fig.  12.  Time  courses  of  luminescence  with 
spinach  chloroplast  fragments  and  firefly  extract 
using  equal  quanta  of  668  and  647  mu. 

plast  fragments  containing  0.051  mg  chloro- 
phyll, for  example,  absorbs  about  58  per 
cent  of  the  light  at  685  mu. 

Figure  13  shows  the  action  spectra  for 
photophosphorylation  by  spinach,  Swiss 
chard,  and  pokeweed.  With  the  interfer- 
ence filters  employed  (647,  668,  685,  694, 
713,  and  729  mu)  the  peaks  occurred  at 
668  mu  for  the  different  species.  The  action 
spectrum  for  phosphorylation  using  AMP 
as  the  phosphate  acceptor  in  spinach  like- 
wise had  a  peak  at  668  mu. 

The  action  spectrum  determined  by  Kok 
and  Hoch  for  photophosphorylation  in 
spinach  chloroplasts  mediated  by  PMS  un- 
der anaerobic  conditions  showed  highest 
activity  in  the  region  700  to  710  mu, 
where  chlorophyll  a  absorbs  alone.   Mini- 
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mum  activity  occurred  around  668  mu.  In 
a  note  added  in  proof,  Kok  and  Hoch  also 
noted  that  phosphorylation  associated  with 
ferricyanide  reduction  and  that  mediated 
by  riboflavine  5-phosphate  and  vitamin  K3 
did  not  show  maxima  at  700  to  710  mu. 
The  present  action  spectra  show  that  under 
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Fig.  13.  Action  spectra  for  photosynthetic 
phosphorylation  in  spinach,  Swiss  chard,  and 
pokeweed  chloroplast  fragments  obtained  under 
aerobic  conditions  with  vitamin  K3  as  a  co- 
factor. 

aerobic  conditions  phosphorylation  medi- 
ated by  vitamin  K3  is  most  active  at  668  mu, 
where  both  chlorophyll  a  and  b  absorb. 
Furthermore,  the  high  activity  at  647  mu 
implicates  chlorophyll  b  activity.  In  this 
regard  the  observation  of  the  Emerson  en- 
hancement effect,  whereby  the  dual  exci- 
tation of  chlorophyll  a  and  b  would  elicit 
high  phosphorylation  rates,  would  be  of 
interest.  Experiments  are  planned  to  in- 
vestigate this  possibility. 

Biochemical  Studies  of  Chlorophyll  a 

695  and  the  Separation  of  Pheophytin-# 

Complexes  by  Differential 

Centrifugation 

/.  S.  Brown 

Although  the  chlorophylls  have  been 
studied  extensively  and  chlorophyll  a  even 


synthesized,  very  little  is  yet  known  about 
the  state  of  these  pigments  in  the  living 
plant.  The  complexity  of  the  problem  has 
increased  during  recent  years  with  the 
finding  that  there  are  at  least  three  absorb- 
ing complexes  of  chlorophyll  a  alone,  and 
that  the  amounts  of  these  forms  vary  with 
the  plant  and  its  growth  conditions.  Con- 
current measurements  of  the  rate  of  photo- 
synthesis in  light  from  narrow  spectral 
bands  or  combinations  of  bands  have  re- 
vealed that  the  different  forms  of  chloro- 
phyll may  function  in  different  ways, 
which  is  added  incentive  to  learn  about 
the  biochemistry  of  these  different  chloro- 
phyll-lipo-protein  complexes. 

As  has  been  reported  previously,  the 
algae  of  the  Euglena  group,  when  growing 
with  relatively  low  illumination,  have  from 
15  to  20  per  cent  of  their  chlorophyll  a  in 
a  form  absorbing  at  695  mu.  This  year 
experiments  designed  to  learn  about  the 
nature  of  chlorophyll  a  695,  Ca695,  have 
been  extended.  In  order  to  study  the  bio- 
chemical properties  of  this  substance,  it 
was  thought  desirable  to  free  it  from  other 
cell  entities.  It  is  now  possible  to  prepare 
a  partially  purified,  aqueous  colloidal  ex- 
tract from  Euglena  cells  containing  Ca695 
in  the  same  proportion  to  the  rest  of  the 
chlorophylls  as  its  proportion  in  the  whole 
cells.  The  diagram  on  the  next  page  sum- 
marizes the  procedure. 

The  cells  are  harvested  by  centrifugation 
from  a  2-liter  culture  in  which  the  Euglena 
have  been  growing  autotrophically  for  3 
weeks  with  light  from  a  60-watt  incandes- 
cent bulb  and  continuous  bubbling  of  5  per 
cent  CO2  in  air.  The  culture  is  chilled 
overnight  in  the  5°C  cold  room,  and  sub- 
sequent extraction  procedures  are  carried 
out  in  an  ice  bath.  The  cells  are  resus- 
pended  in  about  100  ml  of  a  glycine 
(0.1  M),  potassium  hydroxide  (0.05  M), 
cysteine  hydrochloride  (0.02  M),  glycerine 
(20  per  cent)  buffer  of  pW  9.5  devised  by 
Dr.  James  H.  C.  Smith  for  the  preparation 
of  protochlorophyll  holochrome.  The 
buffer  is  abbreviated  GKCG.  Omission  of 
any  of  the  components  of  this  buffer  lowers 
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Preparation  of  Small  Chloroplast  Fragments  without  Loss  of    Ca695 

Euglena  cells  in  GKCG  buffer 

Press  through  needle  valve  (3500-4500  lb/in.2). 

■if 

Whole  and  broken  cell  particles 
Centrifuge  1  min  at  \2\g. 


Sediment, 
whole  cells 


Supernatant, 
small  particles 
soluble  substances 


Sediment 


Supernatant, 
colorless 


Supernatant 

Centrifuge  5  min  at  3020g\ 


Sediment  (chloroplasts) 
Wash  once  with  GKCG. 

1 

Sediment,  resuspended  in  GKCG 
Press  through  needle  valve  (12,500  lb/in.2). 

if 

Broken  chloroplasts 
Centrifuge  20  min  at  12,100^. 


Supernatant 
Dialyze  against  distilled  water  overnight. 

i 

Centrifuge  90  min  at  144,700^. 


Sediment 


the  proportionate  amount  of  C0695  in  the 
extract. 

There  are  essentially  two  major  separa- 
tions in  this  procedure:  (a)  removing 
the  pigment-containing  structures,  the 
chloroplasts,  from  the  rest  of  the  cell;  and 
(b)  breaking  the  chloroplasts  into  small 
pieces,  which  contain  all  the  green  pig- 
ment, and  separating  these  from  the  water- 
soluble  material  and  smaller  particles  of 
the  chloroplasts.  This  green  sediment,  re- 
suspended  in  0.1  M  glycine-KOH  buffer 
of  pH  9.5,  has  an  absorption  spectrum  al- 
most identical  with  the  spectrum  of  the 
original  Euglena  cells. 

CG695  was  reported  last  year  to  be  much 
more  unstable  than  the  other   forms  of 


chlorophyll  to  acidity,  heat,  and  light.  We 
now  find  that  the  extract  made  as  described 
can  be  lyophilized  and  stored  in  the  cold 
for  long  periods  without  any  change. 
Derivative  spectroscopy  still  seems  to  be  the 
best  method  of  assay.  We  have  continued 
to  investigate  the  properties  of  Ca695  in 
relation  to  the  other  forms  of  chlorophyll. 
These  results  are  here  summarized: 

Oxidizing  and  reducing  agents,  potas- 
sium ferri-  and  ferrocyanide,  borohydride, 
and  ascorbate  had  no  effect  on  Ca695  ab- 
sorption. Neither  petroleum  ether  nor 
carbon  tetrachloride,  shaken  in  equal- 
volume  amounts  with  the  aqueous  suspen- 
sion, appeared  to  affect  the  pigment.  C0695 
is  destroyed  fairly  rapidly  and  irreversibly 
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below  pH  5  and  above  pH  11,  by  acetone 
above  20  per  cent,  and  by  being  shaken 
with  the  detergent  Triton  x-100.  At  pH  4, 
C0695  completely  disappears  in  y2  minute. 
It  has  not  been  possible  to  separate  the 
chlorophyll  complexes  from  each  other  by 
ammonium  sulfate  fractionation  or  on  a 
Sephadex  (G-75)  column. 

An  attempt  to  alter  the  proportionate 
amounts  of  the  chlorophylls  in  Euglena 
by  growing  the  cultures  in  alternating  light 
and  dark  periods  was  unsuccessful.  Cul- 
turing  Euglena  in  Hutner's  medium  which 
has  a  /?H  of  3  delays  the  time  by  several 
days  when  Ca695  becomes  visible,  at  which 
time  the  cells  have  raised  the  p¥i  of  the 
culture  above  5. 

Pheophytin  complexes.  In  the  course 
of  growing  large  batches  of  Euglena  cul- 
tures it  was  noted  that,  when  these  cells 
containing  Ca695  were  stored  in  the  dark 
cold  room  for  a  week  or  more,  the  pigment 
referred  to  in  last  year's  report  as  Pa707 
began  to  appear  at  the  expense  of  Ca695. 
When  cells  containing  a  large  proportion 
of  Po707  were  carried  through  the  same 
aqueous  extraction  procedure  described 
above  a  significant  separation  resulted  from 
the  final  centrifugation.  Part  of  the 
brownish  color  remained  in  the  super- 
natant. Derivative  absorption  spectra  of 
the  supernatant  and  resuspended  sediment 
are  shown  in  figure  14.  Absorption  spectra 
of  ether  extracts  of  the  supernatant  and 
sediment  were  identical  except  for  a  higher 
proportion  of  carotenoids  in  the  sediment, 
and  the  main  pigment  in  both  was  pheo- 
phytin a. 

If  we  assume  that  the  two  main  absorp- 
tion bands  evident  in  the  sediment  are 
derived  from  C0673  and  C0695  and  that 
the  major  band  in  the  supernatant  is  from 
Ca683,  we  are  led  to  conclude  that  Ca673 
and  695  are  tied  together  on  a  heavier 
particle  than  C0683.  This  is  the  first  suc- 
cessful fractionation  of  any  of  the  natural 
chlorophyll  a  complexes  by  any  other 
means  than  preferential  extraction  with 
organic  solvents.  Whether  this  separation 
is  possible  only  because  of  the  conversion  of 


a  large  part  of  the  chlorophyll  to  pheo- 
phytin remains  to  be  seen. 

Aqueous  extraction  of  Ochromonas.  Ex- 
periments with  Ochromonas  danica  in- 
dicate differences  between  this  alga  and 
Euglena  which  may  be  exploited  in  the 
study  of  Ca695.  Healthy  Ochromonas  cells 
give  a  derivative  absorption  spectrum  like 
that  from  Euglena  grown  with  low  light 
intensity,  except  that  the  absorption  band 
corresponding  to  Ca695  in  Euglena  occurs 
at  about  690  mjj  in  Ochromonas.  Our  at- 
tempts to  change  the  proportions  of  the 
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Fig.  14.  Derivative  absorption  spectra  of  su- 
pernatant and  sediment  from  high-speed  centrif- 
ugation of  extraction  from  aged  Euglena. 

chlorophylls  in  Ochromonas  by  growing  it 
with  different  light  intensities  have  not 
been  successful.  The  aqueous  extraction 
of  the  chlorophyll  from  Ochromonas  by 
the  procedure  outlined  above  also  produced 
different  results.  Merely  chilling  a  culture 
of  motile,  apparently  healthy  cells  over- 
night causes  a  considerable  loss  of  absorp- 
tion at  690  m(j,  and  a  new  peak  appears 
at  715  m|j.  When  these  cells  are  forced 
through  the  needle  valve,  the  resulting 
mixture  has  an  absorption  maximum  at 
715  mp  which  is  J/3  as  high  as  the  chloro- 
phyll red  maximum  at  675  m\i.  An  absorp- 
tion spectrum  of  the  ether  extract  of  this 
broken  mixture  indicates  that  most  of  the 
pigment  is  pheophytin  a. 

As  yet  we  can  only  speculate  about  the 
significance  of  these  various  changes  and 
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similarities  in  pigment  patterns.  Now  that 
it  is  possible  to  grow  reproducibly  algae 
containing  fairly  large  amounts  of  these 
various  absorbing  entities,  to  extract  the 
pigment  complex  without  destroying 
Ca695,  and  to  separate  some  of  the  pigment 
complexes  from  one  another,  it  is  hoped 
that  an  understanding  of  their  nature  may 
be  found  in  more  thorough  biochemical 
analysis  of  this  material. 

Light-Dependent  Oxygen  Uptake  in  Red 
Algal  Chloroplasts 

D.  C.  Fork. 

Chloroplasts  of  red  algae  which  have 
lost  phycobilin  pigments  have  been  shown 
by  McClendon  and  Blinks  and  by  Thomas 
and  DeRover  to  be  unable  to  perform  the 
Hill  reaction.  Photophosphorylation  has 
recently  been  observed  by  Petrack  and 
Lipman  in  Anabaena  variabilis  fragments 
which  contained  chlorophyll  and  carote- 
noids  but  were  essentially  free  of  phyco- 
cyanin,  which  was  leached  out  during 
extraction. 

Chloroplasts  of  the  marine  red  algae 
Porphyra  perforata  and  Plocamium  pacifi- 
cum  from  which  the  phycobilin  pig- 
ments had  been  removed  exhibited  a  light- 
dependent  oxygen  uptake.  The  action 
spectrum  for  this  effect  shows  highest  ac- 


tivity in  the  absorption  region  of  the 
short-wavelength  form  of  chlorophyll 
(Ca673). 

The  plants  used  in  these  experiments 
were  collected  intertidally  from  their 
natural  habitats  and  maintained  in  large 
petri  dishes  of  sea  water  kept  inside  an 
illuminated  cold  box  at  10  °C.  A  light  in- 
tensity of  about  60  foot-candles  was  pro- 
vided by  an  overhead  bank  of  fluorescent 
lamps. 

Chloroplasts  were  prepared  by  grinding 
the  plants  in  an  ice-cold  mortar  (with 
sand  for  Porphyra)  in  ice-cold  sea  water, 
and  the  mixture  was  centrifuged  for  5 
minutes  at  200g.  The  supernatant  was 
centrifuged  again  at  lOOOg  for  7  minutes. 
The  bright  red  supernatant  was  discarded, 
and  the  green  sediment  containing  un- 
washed chloroplasts  and  chloroplast  frag- 
ments was  spread  as  a  thin  layer  on  the 
surface  of  a  bare  platinum  electrode.  Sea 
water  in  a  19-liter  reservoir  at  19.8  °C  was 
saturated  with  5  per  cent  C02  in  air  and 
circulated  past  the  electrode  at  a  constant 
rate  by  a  synchronous  motor. 

Illumination  of  the  chloroplasts  caused 
an  uptake  of  oxygen  which  attained  a 
steady  rate  after  about  1  minute.  A  tracing 
of  records  obtained  by  exposure  to  equal 
quanta  of  various  red  wavelengths  is 
shown  in  figure  15.   The  activity  of  the 
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Fig.  15.   The  course  of  oxygen  uptake  by  Plocamium  paclficum  chloroplasts  using  equal-incident 
quanta  of  670,  690,  and  680  mu  light. 
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chloroplast  suspension  decreased  slowly 
during  the  course  of  experiments.  Forty 
per  cent  of  the  original  activity  remained 
after  about  45  minutes. 

Action  spectra  for  this  effect  were  de- 
termined by  means  of  automatic  record- 
ing procedures  (Year  Book  58,  p.  323, 
1959)  and  point-by-point  determinations. 
The  action  spectrum  of  light-induced  oxy- 
gen uptake  in  Plocamium  pacificum 
chloroplasts  determined  automatically  by 
sweeping  with  equal-incident  quanta,  fig- 
ure 16,  shows  a  maximum  around  673  mu. 


for  Porphyridium  cruentum.  In  that  study 
intact  organisms  were  used  and  the  long- 
wavelength  form  of  chlorophyll  was  found 
to  be  most  active.  In  the  present  study, 
however,  a  crude  preparation  of  chloro- 
plasts was  employed  which  may  have  sup- 
ported a  "respiratory"  stimulation  similar 
to  that  of  intact  cells. 

The  utilization  of  oxygen  by  chloro- 
plasts from  red  algae  devoid  of  phycobilin 
pigments  may  be  related  to  the  reaction 
discovered  by  Mehler  whereby  oxygen  and 
a  reduced  product  formed  by  chlorophyll 
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Fig.  16.  Action  spectrum  for  oxygen  uptake  by 
Plocamium  pacificum  chloroplasts  determined  by 
automatic  recording  procedures  with  equal-in- 
cident quanta.  Sweep  speed  equal  to  10  mu/min. 

Porphyra  perforata  also  had  a  peak  around 
673  mu. 

A  derivative  absorption  spectrum  is 
given  in  figure  17  for  Plocamium  chloro- 
plasts. Maximum  absorption  by  this  prep- 
aration occurred  at  677  mu  in  contrast 
to  the  action  spectrum  peak  at  673  mu. 
Absence  of  phycocyanin  may  be  seen  by 
the  lack  of  absorbing  components  other 
than  chlorophyll  a  in  the  region  around 
620  mu. 

The  observation  of  a  light-dependent 
uptake  of  oxygen  mediated  by  chlorophyll 
absorption  is  reminiscent  of  the  photo- 
stimulation  of  respiration  described  earlier 


Fig.  17.  Derivative  absorption  spectrum  for 
Plocamium  pacificum  chloroplasts  obtained  from 
the  same  plant  as  was  used  for  the  action  spec- 
trum determination. 

in  the  light  would  react  according  to  the 
equation 

AH2  +  02->H202  + A 

Oxygen  uptake  could  also  result  if  a  re- 
duced product,  AH2,  were  oxidized  to 
form  water  and  regenerate  A.  Red  algal 
chloroplasts  which  have  lost  phycobilin 
pigments  and  are  apparently  no  longer 
able  to  produce  oxygen  nevertheless  retain 
photooxidative  capacity. 

The  Effect  of  Inhibitors  of  Chlorophyll 

Synthesis  upon  Different  Complexes 

of  Chlorophyll  a 

Frederick  T.  Wolf 

Earlier  studies  from  this  laboratory  have 
demonstrated,    by    derivative    spectropho- 
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tometry,  the  existence  of  various  forms  of 
chlorophyll  a  in  algae.  In  an  effort  toward 
the  ultimate  goal  of  attempting  to  discern 
any  possible  differences  in  the  functions  of 
the  several  chlorophyll  components,  ex- 
periments were  conducted  using  various  in- 
hibitors of  chlorophyll  synthesis,  to  deter- 
mine whether  the  normal  ratio  of  chloro- 
phyll-^ components  would  be  altered  by 
this  means. 

Chlorella  pyrenoidosa  Starr  252  was 
grown  in  Bristol's  solution,  under  con- 
tinuous white  light,  at  a  temperature  of 
25  °C,  and  the  cultures  were  bubbled  with 
5  per  cent  CO2  in  air.  The  inhibitors  of 
chlorophyll  synthesis  that  were  studied  in- 
cluded 3-amino-l,2,4-triazole,  cobalt  (as 
C0CI2),  sulfanilamide,  and  terramycin. 
The  inhibitors  were  added  to  the  cul- 
ture media,  and  sterilized  by  autoclaving, 
except  terramycin,  which  was  tested  both 
after  autoclaving  with  the  media  and  after 
its  addition  to  previously  autoclaved  media. 
Growth  of  the  cultures  was  followed  tur- 
bidometrically. 

Since  the  test  compounds  inhibit  growth 
in  concentrations  slightly  greater  than 
those  that  affect  chlorophyll  synthesis,  it 
was  arbitrarily  decided  to  examine  cul- 
tures in  which  50  per  cent  inhibition  of 
growth  occurred  after  3  to  4  days  in  com- 
parison with  untreated  controls.  Approxi- 
mately 50  per  cent  inhibition  of  growth 
was  obtained  with  the  following  amounts 
of  the  test  compounds  in  each  100  ml: 
aminotriazole  0.5  mg;  cobalt  chloride  5 
mg;  sulfanilamide  2  mg;  terramycin  1  mg. 

Examination  of  the  derivative  spectra 
of  Chlorella  cultures  grown  in  the  presence 
of  these  inhibitors,  and  comparison  with 
the  derivative  spectra  of  normal  Chlorella 
controls,  indicated  no  alteration  in  the 
proportion  of  the  chlorophyll-^  complexes. 

Chlorophyll  Formation 

James  H.  C.  Smith  and  Janice  Coomber 

The  biochemical  investigation  of  any 
natural  process  presupposes  that  ultimately 
the  components  involved  will  be  isolated  in 


pure  state  and  their  interactions  deter- 
mined. Such  has  been  our  goal  in  the 
study  of  chlorophyll  formation. 

Particles  that  contain  protochlorophyll, 
precursor  of  chlorophyll,  and  transform  it 
to  chlorophyll  on  being  illuminated  have 
for  some  time,  now,  been  separated  from 
the  plant.  These  particles  are  complex, 
and  it  is  difficult  to  be  sure  whether  or 
not  they  are  really  pure  and  have  been 
reduced  to  minimum  size  and  composition 
consistent  with  transformational  capacity. 
Consequently,  a  continual  search  is  being 
made  for  better  methods  of  obtaining 
smaller  units  of  active  material.  The  sepa- 
rated units  are  being  examined  by  what- 
ever means  is  available  to  determine  their 
structure  and  the  source  of  their  reactivity. 
Some  new  approaches  toward  the  ac- 
complishment of  these  aims  are  described. 

Chromatography  on  Sephadex.  Sepha- 
dex,  a  cross-linked  dextran  polysaccharide, 
has  recently  been  introduced  as  an  ad- 
sorbent in  column  chromatography  for 
separating  molecules  according  to  their 
size.  It  promises  to  be  useful  in  examining 
the  protochlorophyll  holochrome  particles 
for  uniformity  in  size  and  for  separating 
them  from  outsized  contaminants.  Pre- 
liminary experiments  have  partly  fulfilled 
this  promise  in  that  smaller  fluorescent 
molecules  of  high  phosphorus  content  have 
been  removed  from  holochrome  prepara- 
tions purified  by  the  usual  procedures 
(Year  Book  59,  p.  329). 

The  chromatogram  of  the  holochrome 
was  developed  with  glycine  (0.1  M) -po- 
tassium hydroxide  (0.05  N)  buffer,  pH 
9.48,  on  a  Sephadex  column  which  had 
previously  been  equilibrated  with  a  por- 
tion of  the  same  buffer  solution.  The  ab- 
sorption spectra  and  fluorescence  of  the 
fractions  of  percolate  collected  serially  were 
examined. 

After  the  protochlorophyll  had  been 
transformed  by  illumination,  the  absorp- 
tion spectra  in  the  visible  had  an  absorption 
maximum  at  673  mu.  The  plot  of  absorb- 
ance  at  this  wavelength  against  fraction 
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number  is  shown  by  the  shaded  area  in 
figure  18.  Since  the  absorption  is  due  to 
holochrome,  it  is  clear  that  the  holochrome 
passed  through  the  column  without  sig- 
nificant delay.  This  fact  corroborated  the 
deduction  from  other  experiments  that  the 
holochrome  is  a  large  particle.    Further- 
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Fig.  18.  Chromatography  of  protochlorophyll 
holochrome  on  a  Sephadex  column. 

more,  the  intensities  of  the  brick-red  fluo- 
rescence characteristic  of  the  holochrome 
followed  closely  the  absorbances  of  the 
fractions  in  the  shaded  area,  fractions  3 
through  8. 

The  ultraviolet  absorption  spectra  of  the 
various  fractions  are  not  identical.  Also  the 
principal  ultraviolet  absorption  maxima 
vary  in  wavelength  positions.  From  this 
it  is  clear  that  we  are  not  dealing  with  a 
single  substance.  If  the  absorbances  at  the 
maxima  are  plotted  against  fraction  num- 
bers, two  areas  in  the  diagram  are  ob- 
tained: one  peaks  at  fraction  5,  the  other 
at  fraction  16. 

In  the  first  area,  fractions  3  through  8 
have  similar  spectra  with  absorption  maxi- 
mum at  273  mu.  The  spectra  are  indica- 
tive of  proteins.  This  fact  combined  with 
the  nearly  equal  ratios  of  absorbances  at 
673  and  273  mu  indicates  a  constant  pro- 
portion of  pigment  to  protein  and  sug- 
gests a  close  association  of  the  two. 

In  the  second  area,  fractions  12  through 
20  differ  in  their  ultraviolet  absorption 
spectra.  These  spectra  vary  in  shape  and 
in  the  wavelengths  of  maximum  absorp- 


tion. The  absorption  maxima  of  fractions 
11  through  14  lie  at  256  mu  and  of  frac- 
tions 15  through  18  at  259  mp,  whereas 
those  of  fractions  19  and  20  are  indistinct 
and  lie  at  about  252  mu. 

The  fractions  vary  in  their  fluorescence 
as  well.  Fractions  9  through  15  have  a  faint 
bluish  white  fluorescence;  fractions  16 
through  20,  a  lemon-yellow  fluorescence. 

Fractions  4  and  5  were  pooled  as  were 
15  and  16,  and  the  phosphorus  content  of 
each  sample  was  determined.  Fractions  4 
and  5  contained  0.131  umole  of  phosphorus 
per  ml,  and  fractions  15  plus  16,  0.159 
umole/ml.  In  other  experiments,  tests  for 
protein  failed  on  samples  that  had  lemon- 
yellow  fluorescence  but  succeeded  on  sam- 
ples having  the  brick-red  fluorescence.  The 
substances  supporting  these  properties  have 
not  been  identified. 

The  absorption  spectrum  of  the  holo- 
chrome in  the  visible  region  of  the  spec- 
trum is  very  much  like  the  holochrome 
spectrum  published  in  Year  Book  58,  page 
334.  The  ultraviolet  absorption  spectrum 
suggests  a  greater  contamination  by  nucleic 
acid  than  was  present  in  the  previous 
preparation  (ibid.,  p.  332) . 

Concentration  by  addition  of  Sephadex. 
Sephadex  absorbs  small  molecules  in  pref- 
erence to  large  ones.  In  consequence,  it 
can  be  used  for  concentrating  aqueous 
solutions  of  large  molecules.  This  tech- 
nique has  been  applied  to  the  concentra- 
tion of  protochlorophyll  holochrome  solu- 
tions. For  example,  protochlorophyll- 
holochrome  solution  (10  ml)  treated  with 
Sephadex  (0.5  g)  for  30  minutes  when 
centrifuged  gave  1.5  ml  of  supernatant 
solution  2.2  times  more  concentrated  than 
the  original  solution.  The  recovery,  how- 
ever, was  only  33  per  cent.  The  absorp- 
tion spectra  indicated  that  little  selective 
fractionation  of  the  holochrome  had  oc- 
curred during  the  treatment. 

Electron  micrography  of  the  holochrome 
particle.  It  is  always  gratifying  to  see 
something  that  has  been  perceived  only  by 
physical  or  chemical  methods.  It  was  very 
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satisfying,  then,  to  see  the  electron  micro- 
graphs of  the  holochrome  particle.  They 
were  obtained  through  the  courtesy  of  Dr. 
R.  B.  Park  of  the  University  of  California. 

The  particles  are  fairly  uniform  in  size 
and  approach  oblate  spheroids  in  shape. 
Measurements  on  individual  particles  gave 
average  values  for  the  three  diameters  of 
218,  193,  and  93  A.  The  volume  for  a 
particle  having  these  dimensions  is  about 
2.05  X  10~18  cc.  If  the  density  is  assumed 
to  be  the  same  as  was  found  for  other 
preparations,  1.16,  a  molecular  weight  of 
1.4  X  106  results. 

This  value  is  in  fair  agreement  with 
values  obtained  by  other  methods  (Year 
Book  58,  p.  333, 1959)  :  0.7  X  106  from  sedi- 
mentation studies,  and  0.98  X  106  from 
chemical  analysis  by  assuming  a  molecular 
ratio  of  pigment  to  protein  of  unity.  The 
fact  that  the  size  of  the  particle  calculated 
from  chemical  relationships  corresponds  to 
the  size  observed  with  electron  microg- 
raphy corroborates  the  ratio  of  pigment  to 
protein  as  1. 

Effect  of  additives  on  transformation. 
The  holochrome  preparations  now  avail- 
able retain  their  convertibility  for  several 
hours  at  room  temperature.  This  stability 
makes  feasible  studies  that  formerly  were 
impossible,  such  as  the  effects  of  enzymes 


and  of  inhibitors  on  the  transformation. 
The  study  of  the  effects  of  enzymes  has 
not  gone  beyond  the  planning  stage,  but 
the  efTects  of  certain  inhibitors  have  been 
examined  quantitatively.  Analysis  by  use 
of  inhibitors  gives  prospect  of  characteriz- 
ing the  bonding  that  exists  between  pig- 
ment and  carrier  in  the  holochrome. 

For  this  analysis,  solutions  of  the  holo- 
chrome were  treated  with  known  concen- 
trations of  various  substances  for  definite 
periods  to  determine  the  time  courses  of 
their  inhibitory  action.  The  ratio  of  the 
chlorophyll  formed  by  illumination  to  the 
protochlorophyll  present  before  illumina- 
tion was  taken  as  the  measure  of  active 
holochrome  left  after  definite  periods  of 
treatment  with  the  additive.  In  the  early 
stages  of  action,  the  reciprocals  of  the  active 
holochrome  remaining  were  directly  pro- 
portional to  the  time  of  action.  The  pro- 
portionality factor  was  assumed  to  be  a 
measure  of  the  inhibitory  effectiveness  of 
each  compound.  The  results  of  this  study 
are  summarized  in  table  3.  The  com- 
pounds are  arranged  in  the  order  of  their 
inhibitory  effectiveness,  which  was  adjusted 
proportionally  for  concentration  of  addi- 
tive. 

From  these  results  it  is  clear  that,  of  the 
compounds  tested,   the  least  effective  in- 


TABLE  3.     Relative   Effectiveness    of   Various    Substances  for  Inhibiting  the  Phototransformation 
of  Protochlorophyll  to  Chlorophyll   in  the   Isolated   Holochrome 


Relative  Effectiveness 

Concentration, 

pUoi 

Substance 

moles/1 

Uncorrected 

Corrected  for 
Concentration 

Solution 

Benzoate 

0.5 

5.0 

10.0 

8.4 

o-Aminobenzoate 

0.5 

3.1 

6.2 

8.3 

Caffeine 

-0.05 

0.14 

2.8 

^-Aminobenzoate 

0.5 

0.85 

1.7 

8.7 

Sulfanilate 

0.5 

0.17 

0.34 

8.0 

Phthalate 

0.5 

0.10 

0.20 

9.2 

Oxalate 

0.5 

0.06 

0.12 

8.0 

Potassium  chloride 

0.5 

0.05 

0.10 

Sodium  chloride 

0.5 

0.04 

0.08 

Magnesium  sulfate 

0.5 

0.03 

0.06 

7.8 

Potassium  sulfate 

-0.31 

0.007 

0.022 

8.0 

Sodium  sulfate 

0.5 

0.006 

0.012 

8.0 

Water 

0.000 

0.000 

7.5 
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hibitors  are  the  inorganic  salts,  and  by  far 
the  most  effective  are  salts  of  benzoic  acid. 
Benzoates  should  be  the  most  surface  ac- 
tive of  the  substances  studied  and  conse- 
quently the  most  effective  modifier  of 
water-oil  interfaces.  Conversely,  this  con- 
clusion suggests  that  transformability  is 
partly  controlled  by  interfacial  organiza- 
tion. How  important  this  factor  is  rela- 
tive to  other  factors  is  not  known,  but  fur- 
ther analysis  of  inhibitory  action  by  a 
variety  of  substances  should  help  to  evalu- 
ate it. 

Photosynthetic    Pigments    in    Mutant 
Strains  of  Chlamydomonas 

Ruth  Sager  3 

Over  the  past  several  years  many  mutant 
strains  of  Chlamydomonas  have  been  col- 
lected which  differ  from  the  wild  type  in 
their  pigment  composition  and  in  their 
inability  to  grow  photosynthetically.  Most 
of  these  mutants  fall  into  a  few  classes: 

(1)  pale  greens  that  die  on  illumination; 

(2)  yellows  that  die  on  illumination  (yel- 
low lethals);  (3)  yellows  that  turn  green 
on  illumination;  and  (4)  greens  that  re- 
quire acetate  for  growth  in  the  light. 

Previous  studies  demonstrated  that, 
despite  the  low  chlorophyll  content  and 
virtual  absence  of  carotenoids,  one  dark- 
grown  pale-green  mutant,  95,  could  take 
up  C02  and  release  O2  upon  illumination, 
thus  fulfilling  two  criteria  of  photosyn- 
thetic   ability.     In    view    of    the    recent 

3  With  the  assistance  of  staff  members. 


evidence  of  two  photoreceptor  pigments  in- 
volved in  photosynthesis,  one  being  chloro- 
phyll a  and  the  other  an  "accessory"  pig- 
ment varying  with  the  organism,  it  was  of 
interest  to  examine  the  photosynthetic  ca- 
pacities of  mutants  having  diverse  pigment 
compositions. 

A  sampling  of  mutants  was  surveyed 
with  the  derivative  spectrophotometer  for 
detection  of  chlorophyll  b.  Spectra  of  in- 
tact cells  were  obtained  by  resuspending 
the  organisms  in  minimal  medium  contain- 
ing methocel.  The  cultures  used  were 
grown  in  the  dark  in  acetate  medium  plus 
0.1  per  cent  yeast  extract  and  were  har- 
vested by  centrifugation.  The  results  of 
these  spectral  analyses  are  given  in  table  4. 
The  spectra  obtained  did  not  show  any 
striking  variations  in  the  relative  propor- 
tions of  the  usual  chlorophyll-^  complexes 
except  for  Ac-1  grown  under  special  condi- 
tions. 

Mutant  Ac-1  requiring  acetate  for 
growth  in  light  as  well  as  in  dark  was 
grown  with  high  and  low  light  intensities 
and  in  the  dark.  In  the  dark  it  was  also 
grown  with  0.5  y/m\  of  streptomycin. 
Derivative  absorption  spectra  showed  some 
differences  in  the  content  of  the  chloro- 
phyll-^ complexes.  Less  Ca695  was  found 
in  the  low-light  culture  than  in  the  dark- 
grown  cells,  and  still  less  was  present 
in  the  bright-light  culture.  Streptomycin 
was  even  more  effective  than  bright  light 
in  suppressing  long-wavelength  chloro- 
phylls complex  formation. 

Light-induced  oxygen  evolution  was  ob- 


TABLE  4.    Classification  of  Some  Mutants  of  Chlamydomonas  Based  on  Their 

Content  of  Chlorophyll  b 


Chlorophyll-^ 
Content 


Type  and  Code  Number  of  Mutant  Strain 


Pale  Green        Yellow  Lethal 


Yellow  y~ 


Acetate- 
Requiring 


Absent 
Trace 

Approximately 
normal 


38 
70,66,85,95 

T-6 


60,64 
T-27,  T-29 


6303D,  Ac-1 

2502A  (dark-grown) 

Ac-2,T-32 
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served  in  three  pale-green  and  one  acetate- 
requiring  mutant.  Pale-green  mutant  95 
may  contain  some  chlorophyll  b  (less  than 
0.5  per  cent  of  that  of  the  wild  type) .  The 
other  strains  used  contained  substantially 
less  chlorophyll  b  than  mutant  95  or  none 
at  all. 

Chlamydomonas  mutants  95  and  85 
exhibited  respiratory  stimulation  after  a 
light  exposure  similar  to  that  observed  in 
Porphyridium.  Action  spectra  for  photo- 
synthesis and  for  respiratory  stimulation  in 
mutant  95  are  given  in  figure  19.  The 
highest  rate  of  oxygen  evolution  and 
respiratory  stimulation  occurs  around  680 
mjj.  Respiratory  stimulation  had  notice- 
ably higher  activity  toward  shorter  wave- 
lengths in  tire  red  than  photosynthesis  did, 
but  respiratory  stimulation  showed  marked 
peaks  in  the  blue  at  480  and  450  mu. 

The  contrast  between  action  spectra  of 
photosynthesis  for  the  normal  type  Chlam- 
ydomonas which  contains  chlorophyll  b 
and  acetate-requiring  mutant  (Ac-1) 
which  has  only  a  "trace"  of  chlorophyll  b 


(or  none  at  all)  may  be  seen  in  the  insert 
of  figure  19.  A  greater  relative  rate  of 
oxygen  production  can  be  sustained  by 
normal  Chlamydomonas  in  regions  where 
both  chlorophyll  a  and  b  absorb. 

Mutant  85,  which  contains  much  less 
chlorophyll  a  than  the  other  mutants  ex- 
amined and  a  "trace"  of  chlorophyll  b,  sus- 
tained higher  rates  of  oxygen  evolution  in 
694-mu  light  than  at  669,  680,  or  710  mu. 

It  is  apparent  that  oxygen  evolution  is 
possible  in  mutants  containing  only  a  trace 
of  or  perhaps  no  chlorophyll  b.  It  is  note- 
worthy that  enhancement  between  wave- 
lengths absorbed  by  the  various  chloro- 
phyll-^ complexes  could  not  be  observed  in 
any  of  the  mutants  examined.  Absence  of 
enhancement  cannot  be  relied  on  as  an 
indication  of  no  pigment  interaction,  since 
this  effect  is  not  invariably  seen  in  all  plants 
examined. 

A  mutant  containing  only  chlorophyll  b 
would  be  of  particular  value  for  this  type 
of  analysis,  but  none  has  yet  been  found 
in  any  plant  material.    If,  as  is  currently 
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Fig.  19.  Action  spectra  of  photosynthesis  for  normal  Chlamydomonas  and  mutants  Ac-1  and  95. 
The  mutants  have  only  a  "trace"  of  or  perhaps  no  chlorophyll  b,  in  contrast  to  the  normal  wild 
type.  The  action  spectrum  for  respiratory  stimulation  in  mutant  95  is  different  from  that  for  photo- 
synthesis. 
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thought,  the  two  chlorophylls  are  synthe- 
sized independently,  chlorophyll-tf-less 
mutants  should  be  found  as  well  as  chloro- 
phyll-Mess mutants.  A  systematic  search 
for  this  class  of  mutants  is  projected. 

Identification  of  protochlorophyll  in 
Chlamydomonas.  The  ability  of  wild-type 
Chlamydomonas  reinhardi  to  synthesize 
chlorophyll  in  the  dark  has  led  to  some 
speculation  whether  protochlorophyll  is  an 
intermediate  of  the  dark  pathway.  The 
question  arises  also  in  connection  with  the 
observation  that  streptomycin  preferen- 
tially blocks  the  dark  synthesis  of  chloro- 
phyll at  concentrations  that  are  subtoxic 
and  that  do  not  inhibit  the  light  synthesis. 

Strain  2502A,  carrying  the  yr  factor 
(and  therefore  unable  to  synthesize  chloro- 
phyll in  the  dark,  though  normal  green 
when  grown  photosynthetically)  was  cul- 
tured from  a  yellow  single  colony  in  ace- 
tate-yeast extract  liquid  medium  in  the 
dark.  About  3  X  109  cells  were  collected 
by  centrifugation  in  the  dark,  and  a  deriva- 
tive spectrum  was  obtained.  The  spectrum 
indicated  the  presence  of  protochlorophyll 
as  well  as  a  smaller  amount  of  chloro- 
phyll a  and  a  trace  of  chlorophyll  b.  After 
a  short  exposure  to  bright  light,  the  proto- 
chlorophyll peak  declined  and  that  of 
chlorophyll  a  increased. 

An  aliquot  of  cells  kept  in  the  dark  was 
extracted  with  acetone,  and  the  chlorophyll 
extract  was  chromatographed  on  filter 
paper.  Although  chlorophyll  a  and  proto- 
chlorophyll were  not  completely  separated, 
each  was  readily  identified  by  its  absorp- 
tion spectrum  after  elution  from  the  paper 
with  ether. 

The  presence  of  protochlorophyll  in  the 
dark-grown  yellow  mutant,  and  its  con- 
version to  chlorophyll  a  upon  exposure  to 
light,  support  the  hypothesis  that  proto- 
chlorophyll is  the  precursor  of  chlorophyll 
a  on  both  the  light  and  the  dark  biosyn- 
thetic  pathways.  It  seems  likely  that  the 
ability  to  synthesize  chlorophyll  in  the 
dark  depends  on  the  availability,  without 
illumination,   of   some   other    component 


necessary     for     the     protochlorophyll-to- 
chlorophyll  reduction  step. 

In  this  connection,  it  was  of  interest  to 
determine  whether  streptomycin  blocks 
this  reduction  step.  In  experiments  with 
1  and  2  per  cent  streptomycin  sulfate  acting 
from  l/2  hour  to  18  hours  on  holochrome 
particles  from  etiolated  bean  seedlings,  at 
room  temperature  in  the  dark,  there  was 
no  detectable  effect  either  on  the  complete- 
ness or  on  the  kinetics  of  the  transforma- 
tion. Thus,  apparently,  streptomycin  does 
not  influence  the  in  vitro  conversion  of 
protochlorophyll  to  chlorophyll. 

Growth  Inhibition  of  Chlorella  Induced 

by  3-Amino-1,2,4-Triazole,  and  Its 

Reversal  by  Purines 

Frederick  T.  Wolf 

3-Amino-l,2,4-triazole  (AT)  is  a  "plant 
growth  regulator"  which  inhibits  growth 
of  higher  plants  and  interferes  in  some 
way  with  chlorophyll  formation.  Since  rela- 
tively few  chemicals  are  known  to  inter- 
fere with  chlorophyll  synthesis,  AT  has 
great  potential  usefulness  as  a  tool  in 
studies  of  the  formation  of  this  pigment. 
Earlier  studies  by  the  writer,  seeking  to 
clarify  the  mechanism  of  AT-chlorophyll 
interaction,  have  shown  that  it  cannot  be 
due  to  a  competitive  inhibition  based  on 
similarity  in  chemical  structure  of  the 
triazole  ring  to  the  pyrrole  rings  of  the 
chlorophyll  molecule. 

Sund,  Putala,  and  Little  have  recently 
shown  that  riboflavine,  flavine  mononu- 
cleotide, or  flavine  adenine  dinucleotide 
appears  to  bring  about  reversal  of  both 
growth  inhibition  and  inhibition  of  chloro- 
phyll synthesis  in  tomato  plants  treated 
with  aminotriazole.  Weyter  and  Broquist, 
in  studies  with  Escherichia  coli  and  Torula 
cremoris,  found  that  AT-induced  growth 
inhibition  of  the  former  organism  could 
be  reversed  by  adenine,  and  that  of  the 
yeast  was  reversible  by  histidine.  Very 
little  work  with  aminotriazole  has  been 
done  with  algae.  Scher  and  Aaronson  have 
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found  that  bleaching  of  Euglcna  gracilis 
occurred  in  response  to  aminotriazole  treat- 
ment, but  they  were  unable  to  produce 
permanently  apochlorotic  strains  with  this 
agent.  It  became  of  interest  to  us  to  deter- 
mine the  effects  of  aminotriazole  upon 
the  growth  of  Chlorella,  and  to  attempt  to 
discover  what  chemicals  could  bring  about 
a  reversal  of  these  effects  with  this  or- 
ganism. 

Chlorella  pyrenoidosa,  Starr's  strain  252, 
was  grown  in  Bristol's  solution  under 
aseptic  conditions.  The  cultures  were  con- 
tinuously aerated  with  a  mixture  of  5  per 
cent  C02  in  air,  and  were  continuously 
illuminated  by  two  banks  of  three  20-watt 


tubes  were  sterilized  by  autoclaving. 
Growth  was  recorded  3  to  4  days  after 
inoculation;  the  data  are  presented  in  table 
5.  Each  experiment,  summarized  in  a 
single  horizontal  line  in  the  table,  consists 
of  colorimeter  readings  of  growth  in  Bris- 
tol's solution  alone  (control),  in  Bristol's 
solution  plus  aminotriazole,  and  in  Bristol's 
solution  plus  aminotriazole  and  a  purine 
or  riboflavine.  Each  value  in  the  table 
represents  an  average  of  the  readings  of 
two  or  more  individual  tubes. 

In  the  first  experiment,  growth  of 
Chlorella  was  inhibited  68.4  per  cent  by 
aminotriazole.  Adenine,  guanine,  hypo- 
xanthine,  uric  acid,  xanthine,  or  riboflavine 


TABLE  5.    Growth  of  Chlorella  pyrenoidosa  in  the  Presence  and  in  the  Absence  of  Aminotriazole, 
and   in   the  Presence  of  Aminotriazole   and   Other   Compounds 


Amino- 

Concentra- 
tion of 

Metabolite, 
mg'% 

0.5  mg  %  AT  plus 

Designated 

Compound 

Control 

triazole 
0.5  mg  % 

Adenine 

^       .          Hypoxan 
Guanine           f- 

thine 

i-         Uric 
Acid 

Xanthine 

Ribo- 
flavine 

231 

73 

0.5 

130 

95             125 

96 

126 

82 

127 

77 

1.0 

143 

160             136 

115 

149 

49 

127 

56 

2.0 

116 

44 

254 

84 

3.0 

211 

254 

84 

4.0 

167 

45 

221 

116 

10.0 

55 

cool  white  fluorescent  tubes.  The  growth 
temperature  was  controlled  at  approxi- 
mately 25  °C  by  a  thermostat.  Measured 
quantities  of  aminotriazole  were  added  to 
the  culture  medium,  which  was  sterilized 
by  autoclaving.  The  tubes  were  inoculated, 
and,  after  3  to  4  days,  growth  of  the  alga 
was  estimated  by  means  of  a  Klett-Sum- 
merson  photoelectric  colorimeter  equipped 
with  a  no.  66  red  filter. 

Preliminary  trials  showed  that  growth  of 
C.  pyrenoidosa  under  these  conditions  was 
inhibited  approximately  50  per  cent  by  a 
dosage  of  0.5  mg  aminotriazole  per  100  ml 
(actually  averaging  56.5  per  cent  in  nine 
experiments).  Measured  amounts  of 
adenine,  guanine,  hypoxanthine,  uric  acid, 
xanthine,  and  riboflavine  were  added  in- 
dividually to  tubes  of  Bristol's  solution  con- 
taining 0.5  mg  AT  per  100  ml,  and  the 


in  a  concentration  of  0.5  mg  per  100  ml 
induced  a  reversal  of  the  growth  inhibition 
amounting  to  36.1,  13.9,  32.8, 14.5,  33.5,  and 
5.8  per  cent,  respectively.  When  the  levels 
of  these  compounds  were  raised  in  the 
second  experiment  to  1.0  mg  per  100  ml, 
complete  reversal  of  growth  inhibition  was 
obtained  with  adenine,  guanine,  hypo- 
xanthine, or  xanthine.  Reversal  by  uric 
acid  was  now  76.0  per  cent,  but  no  reversal 
was  found  with  riboflavine.  Uric  acid  at 
2.0  mg  per  100  ml  induced  84.5  per  cent 
reversal,  but  no  further  increase  was 
shown  at  levels  of  3.0  or  4.0  mg  per  100  ml. 
No  reversal  was  shown  by  riboflavine,  even 
at  a  concentration  of  10.0  mg  per  100  ml. 

No  apochlorotic  cultures  of  Chlorella 
were  noted  in  the  course  of  these  experi- 
ments. 

From  the  data  presented,  it  is  shown  that 
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the  effect  of  aminotriazole  in  inhibiting 
growth  of  Chlorella  may  be  counteracted 
by  any  one  of  the  purines  tested,  but  ribo- 
flavine  is  ineffective.  The  findings  pro- 
vide no  clue  to  whether  the  observed  effects 
primarily  involve  cell  number,  cell  size, 
or  pigment  content.  The  data  do  indicate 
that  in  Chlorella  aminotriazole  functions 
as  an  inhibitor  of  purine  synthesis.  It  ap- 
pears reasonable  to  suppose  that  similari- 
ties in  the  molecular  architecture  of  the 
triazole  ring  and  the  imidazole  ring  of  the 
purines  may  account  for  the  findings. 

A  Reading  Device  for  Recorder  Chart 
Rolls 

R.  W.  Hart  and  C.  S.  French 

The  retrieval  of  information  from  long 
rolls  of  chart  paper  may  be  troublesome 
enough  to  limit  seriously  the  value  of  data 
stored  in  this  form.  A  convenient  reading 
device  was  therefore  built  to  solve  the 
problems  of  storage  and  easy  accessibility 
of  these  records.  The  chart  rolls  are  stored 
on  paper  tubes  arranged  to  fit  one  spindle 
of  the  machine.  From  the  storage  roll  the 
paper  traverses  a  lucite  reading  table,  illu- 
minated from  the  rear,  then  is  taken  up 
on  another  spindle  as  shown  in  figure  20. 
The  reversible  spindles  are  driven  by  a 
d-c  motor  using  a  variac  and  a  rectifier  to 
give  the  paper  an  adjustable  speed  up  to 
166  feet  per  minute  for  location  and  scan- 
ning of  the  recorded  curves.  The  clutch 
loosens  or  tightens  either  belt  for  reversal 
of  direction.  The  loose  belt  provides  drag 
on  the  free  spindle  to  keep  the  paper  tight. 
Tapered  rollers  above  and  below  the  read- 
ing surface  position  the  paper  on  the  rolls 
more  or  less  adequately. 

The   reading-table   surface   is   3J4    feet 


long  and  is  inclined  20°  from  the  vertical. 
Its  center  is  at  eye  height  for  a  seated  opera- 
tor. The  plastic  reading  table  has  a  re- 
movable sheet-metal  cover  which  is 
grounded;  this  was  found  necessary  to 
prevent  static  charges  from  accumulating 


Fig.  20.  A  device  for  reading  long  rolls  of  re- 
corder paper. 

and  causing  the  paper  to  adhere  to  the 
lucite  surface.  A  single-arm  drafting 
machine,  attached  to  the  table  surface,  fa- 
cilitates drawing  lines  at  any  angle  and 
provides  a  scale  for  reading  data  from  the 
curves.  Dates  and  essential  titles  are 
marked  in  heavy  crayon  so  as  to  be  legible 
while  the  paper  is  in  motion.  A  folding 
shelf  attached  to  one  side  of  the  device 
provides  space  for  a  notebook.  The  ma- 
chine is  mounted  on  casters. 


EXPERIMENTAL  TAXONOMY  INVESTIGATIONS 

Most  of  the  work  of  the  current  year  in  within  wild  species,  and  their  relationships 

experimental    taxonomy    has    been    of    a  to  environment.  Emphasis  continues  to  be 

continuing  nature,  advancing  along  sev-  directed  toward  the  study  of  the  compara- 

eral    fronts   all    aimed    at   clarifying    the  tive  physiology  of  ecological  races  in  an 

nature  of  plant  relationships  between  and  effort    to    clarify    our    understanding    of 


DEPARTMENT  OF  PLANT  BIOLOGY        379 


mechanisms  of  natural  selection,  as  out-  grant  from  the  National  Science  Founda- 

lined  in  Year  Book  58,  pages  344-346.  tion  to  finance  his  studies. 

Dr.  Jens  Clausen  devoted  considerable  Dr.  E.  W.   Tisdale  of  the  School   of 

portions  of  the  year  to  travel  and  lecturing.  Forestry,  University  of  Idaho,  Moscow,  has 

By  invitation  of  the  European  Association  concluded    an    exploratory    study    of   the 

for  Research  in  Plant  Breeding,  he  spoke  composition  of  the  complex  species  Festuca 

at    their    Versailles    conference    in    early  idahoensis  and  related  forms  in  which  he 

January  in  a  symposium  on  "The  role  of  utilized  the  facilities  at  Stanford  in  con- 

introgressive  hybridization  in  the  evolu-  junction  with  corresponding  experimental 

tion  of  crop  plants  and  their  wild  relatives."  plots  at  Moscow.    He  will  continue  fur- 

His  topic  featured  introgression  as  facili-  ther,  more  intensive  studies  on  this  group 

tated  by  apomixis  in  polyploid  Poas.  After  at  Idaho. 

the  symposium,  discussions  in  one  of  the  Final  data  on  a  long-term  selection  ex- 
sections  during  the  following  days  ex-  periment  in  Achillea  involving  the  study 
plored  possibilities  for  preserving  germ  of  the  response  patterns  of  cloned  second- 
plasms  of  primitive  wild  relatives  of  culti-  generation  progeny  grown  at  the  three 
vated  plants  as  important  sources  of  breed-  transplant  stations  have  been  obtained, 
ing.  Many  of  these  original  sources  are  The  parental  forms  represent  extremes 
threatened  with  extermination  through  the  from  two  contrasting  climates,  one  from 
encroachment  of  civilization,  even  in  re-  the  San  Joaquin  Valley  of  California,  and 
mote  parts  of  the  world.  Later,  Dr.  Clau-  the  other  from  Kiska  Island,  on  the  Aleu- 
sen  met  in  conferences  on  other  subjects  tian  chain.  An  analysis  of  the  highly  trans- 
at  Svalof,  in  southern  Sweden,  and  at  the  gressive  segregation  among  the  progeny  in 
Universities  of  Lund  and  Copenhagen.  both  morphological  and  physiological  char- 

During  March  Dr.  Clausen  presented  an  acters  is  well  advanced  prior  to  publication, 
invitational    series    of    nine    lectures    on 

"Processes  and  mechanisms  in  speciation"  Physiology  of   Climatic  Races 

at  the  Department  of  Botany  of  the  Uni-  HaroU  w%  mner$  wmiam  M  Hie       and 

yersity  ot  Chicago,  and  during  the  follow-  Malcolm  A.  Nobs 

ing  month  a  similar  series  at  the  Depart-  _, 

ment  of  Biology  of  Vanderbilt  University,  The  study  o£  the  ef]fect  o£  changes  in 
Nashville.  The  lectures,  which  were  di-  te™perature,  light  intensity,  and  carbon  di- 
rected to  graduate  students,  faculty,  and  oxlde  concentration  on  the  photosynthetic 
the  interested  public,  reviewed  recent  and  rate7s.o£  dlfferent  climatic  racef  of  Mimulus 
current  progress  in  the  study  of  plant  rela-  ^dmalis  previously  reported  on  is  being 
tionships  and  evolution  and  were  intended  continued.  The  examination  of  three  ad- 
to  help  integrate  the  currently  fractured  dl52nal  ™?S  "  aPProa<*ing  completion. 

biological  sciences.  ™e  earlier   data  °n  chan?e  "VPhot°- 

t^  %l           -n    ti              i          r          i  synthetic  rate  with  increase  in  CU2  con- 

Dr.  Thomas  R.  Pray,  on  leave  from  the  centration>  plus  additional  measurements, 

Department  of  Biology  of  the  University  of  were  examined  in  detaiL  The  course  0£  the 

Southern  California,  Los  Angeles,  spent  photosynthetic  rate  at  high   (500  to  1500 

the  major  part  of  the  current  year  at  the  ppm)    Cq2    concentrations    is    extremely 

Stanford  Laboratory  on  an  intensive  study  irregular.     Furthermore,    curves    for    the 

of  the  comparative  morphology  and  biol-  change  in  photosynthetic  rate  with  C02 

ogy   of  the   cheilanthoic    ferns,   a   group  concentration  determined  for  plants  of  the 

whose  biological  relationships  are  largely  same  clone  may  be  as  unalike  as  the  curves 

unknown.    These   ferns   are   widely   dis-  found  for  plants  of  different  races.  These 

tributed  in  temperate  and  warm  climates  facts  confirm  the  conclusion  reached  last 

of  the  world.   Dr.  Pray  received  a  3-year  year,  that  this  measurement  is  one  of  the 
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less  reliable  criteria  on  which  to  base  differ- 
ences in  the  physiology  of  climatic  races. 

Previously  the  photosynthetic  rate  was 
measured  at  temperatures  from  15°  to 
50°C.  Installation  of  greater  cooling  capac- 
ity now  makes  it  possible  to  measure 
photosynthesis  from  the  freezing  point  of 
the  plant  to  the  temperature  at  which  it 
is  killed  by  heat.  Photosynthetic  rate  meas- 
urements on  the  races  described  last  year 
have  been  extended  from  15°  down  to  0°. 
Measurements  on  new  clones  extend  from 
0°  to  the  temperature  compensation  points 
of  the  plants. 

Exposure  of  a  plant  to  temperatures 
either  above  40°  or  below  5°  is  followed  by 
a  decreased  rate  of  photosynthesis  when 
the  plant  is  returned  to  normal  (20°  to 
30°)  temperatures.  At  least  several  hours 
are  required  for  the  plant  to  regain  its 
former  photosynthetic  rate  after  a  mild 
exposure  to  high  or  low  temperature.  For 
this  reason,  duplicate  members  of  each 
clone  are  used  for  measurement  of  the 
effect  of  temperature  on  photosynthesis. 
One  is  used  for  measurements  from  20° 
up  to  the  temperature  compensation  point, 
the  other  from  the  optimum  temperature 
down  to  0°.  When  it  has  been  ascertained 
that  the  two  show  identical  rate  changes  at 
moderate  temperatures,  the  curve  for  the 
full  temperature  range  can  be  plotted. 

Measurements  on  plants  representing  six 
races  show  that  the  photosynthetic  rate  at 
0°  ranges  from  10  to  19  per  cent  of  the  rate 
at  the  optimum  temperature  for  the  re- 
spective plants.  Light  saturation  of  photo- 
synthesis at  0°  in  the  plants  examined  to 
date  occurs  between  220  and  540  foot- 
candles.  These  saturating  intensities  are 
much  lower  than  the  3200  to  6000  foot- 
candles  found  at  the  respective  optimum 
temperatures  for  the  plants. 

Studies  with  Controlled  Growth 
Cabinets 

William  M.  Hiesey,  Harold  W.  Milner,  and 
Malcolm  A.  Nobs 

Experiments  on  growing  climatic  races 
of  Mimulus  in  small  cabinets  providing 


controlled  temperatures  and  artificial  light, 
as  described  in  last  year's  report,  are  being 
continued.  Comparisons  between  two  races 
of  Mimulus  cardinalis,  one  from  Jackson- 
ville in  the  Sierran  foothill  region  at  800 
feet  elevation  and  the  other  from  San 
Antonio  Peak  in  the  San  Bernardino 
mountains  at  7800  feet,  at  5°,  10°,  15°,  and 
20  °C,  disclosed  both  a  great  deal  of  varia- 
tion between  different  individuals  of  the 
same  race  and  not  very  much  net  difference 
between  these  two  climatically  contrasting 
forms.  These  results  were  unexpected  in 
view  of  the  impressive  differences  in 
growth  found  between  coastal  and  mid- 
Sierran  races  at  10°  and  20°C  reported  last 
year.  Additional  comparisons  on  growth  at 
higher  ranges  of  temperature  are  contem- 
plated as  artificial  light  intensities  of  the 
growth  chambers  are  increased  to  a  level 
that  can  saturate  photosynthesis  at  those 
temperatures. 

Some  success  has  been  achieved  in  grow- 
ing high-altitude  races  of  M.  lewisii  in 
vigorous  condition  suitable  for  quantita- 
tive measurements  of  apparent  photosyn- 
thesis and  respiration,  a  goal  that  has  not 
hitherto  been  attained  at  Stanford,  where 
only  M.  cardinalis  from  lower  altitudinal 
ranges  is  truly  successful.  Several  races  of 
M.  lewisii  from  altitudes  ranging  from 
6000  to  10,500  feet  have  developed  into 
fairly  suitable  plants  when  maintained  at 
15°  to  18 °C  and  illuminated  with  fluores- 
cent lamps  at  approximately  2000  foot- 
candles  intensity  for  12  hours  daily. 

A  report  describing  details  of  construc- 
tion of  the  control  cabinets,  both  of  units 
with  and  of  units  without  humidity  con- 
trol, is  being  prepared  for  publication. 
Humidity  control  requires  a  closed  system 
of  operation  involving  complete  recircula- 
tion of  the  air  stream.  For  studies  in  plant 
growth,  a  means  of  introducing  and  con- 
trolling C02  at  a  predetermined  concen- 
tration inside  the  growth  chamber  needs 
to  be  provided.  Work  in  developing  the 
improved  CO2  controller  mentioned  last 
year  has  not  progressed  to  a  point  of 
wholly  satisfactory  performance. 
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A  great  deal  of  work  remains  to  be  done 
on  studies  of  growth  and  development 
of  Mimulus  races  in  controlled  environ- 
ments, and  in  the  improvement  of  con- 
trolled cabinets,  before  a  satisfactory  degree 
of  coordination  between  growth  chamber 
experiments  and  short-time  quantitative 
measurements,  such  as  those  described  in 
the  preceding  section,  can  be  achieved. 

Responses  of  Mimulus  Races  and  Hybrids 
at  the  Transplant  Stations 

William  M.  Hiesey,  Malcolm  A.  Nobs,  and 
H.   M.  Milner 

When  plants  of  different  altitudinal  races 
and  hybrids  between  these  races  are  trans- 
planted as  clones  to  gardens  at  Stanford  at 
100  feet   elevation,  Mather   at  4600  feet, 


mates  of  productivity.    Important  trends 
are  already  evident  from  the  data. 

An  example  from  transplants  at  Timber- 
line  is  presented  in  table  6.  Mimulus  cardi- 
nalis  from  Los  Trancos  is  a  low-altitude 
race  from  near  the  California  coast  native 
to  an  area  a  short  distance  west  of  the  Stan- 
ford garden.  At  Timberline  it  is  a  non- 
survivor  and  produces  no  dry  matter.  A 
strain  of  M.  cardinalis  from  Yosemite  at 
4000  feet  elevation,  on  the  other  hand,  is  a 
partial  survivor  at  Timberline  and  pro- 
duces, at  least  for  two  years,  some  dry  mat- 
ter during  the  course  of  a  growing  season. 
The  short  summers  at  this  altitude,  how- 
ever, do  not  allow  it  to  attain  sufficient 
maturity  to  complete  its  seasonal  cycle  of 
growth.  Mimulus  lewisii  native  to  near 
Timberline  at  10,500  feet  altitude  produces 


TABLE  6 


Species  and  Combinations 


Number  of 
Plants 


Percentage  Survival        Mean 
at  Timberline      Dry  Weight 

First        Second       Per  Plant> 
Season       Season  grams 


M.  cardinalis,  Los  Trancos,  elev.  150  ft  14 

M.  cardinalis,  Yosemite,  elev.  4000  ft  15 

M.  lewisii,  Timberline,  elev.  10,500  ft  13 
cardinalis  X  cardinalis,  Ft,  Los  Trancos  X  Yosemite, 

elev.  100  X  4000  ft  5 
cardinalis  X  lewisii,   Fly   Los    Trancos  X  Timberline, 

elev.  100  X  10,500  ft  13 
cardinalis  X  lewisii,   F1}   Yosemite  X  Timberline, 

elev.  4000  X  10,500  ft  5 


66 

93 

100 

80 

100 

100 


0 

40 
100 

40 

85 
100 


0 
4.9 

4.5 

1.1 

12.6 
32.9 


and  Timberline  at  10,000  feet,  they  differ 
not  only  in  their  capacity  to  survive  but 
also  in  the  total  amount  of  growth  that 
they  can  make  during  a  season.  The  dry 
weight  of  the  aboveground  part  of  a  plant 
gives  an  approximate  objective  estimate  of 
this  growth  and  provides  a  relatively  re- 
liable estimate  of  the  degree  to  which  a 
particular  plant  is  suited  to  an  environ- 
ment. 

During  the  past  season  the  transplant  ex- 
periments of  the  Mimulus  cardinalis- 
lewisii  complex  reported  in  Year  Books  57 
(pp.  270-272)  and  59  (pp.  319-322)  have 
matured   sufficiently   to   obtain    such   esti- 


about  the  same  amount  of  total  weighable 
dry  matter  at  Timberline  as  the  Yosemite 
form  of  cardinalis  but  differs  in  being  able 
to  achieve  full  maturity  at  the  high  alti- 
tude, setting  mature  seed  each  year. 

At  Timberline  the  Fi  hybrid  between 
the  nonsurviving  Los  Trancos  and  partially 
surviving  Yosemite  form  of  cardinalis  is 
capable  of  making  only  meager,  imma- 
ture growth,  and  yields  only  a  small 
amount  of  dry  matter.  When  the  same 
Los  Trancos  plant  of  cardinalis  is  crossed 
with  lewisii  from  Timberline,  the  resulting 
Fi  hybrid  is  far  more  vigorous  than  either 
parent  at  Timberline,  outproducing  lewisii 
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by  a  factor  of  3.  This  hybrid,  moreover,  is  fully  scored  at  intermediate  values  accord- 
capable  of  producing  mature  seed  in  this  ing  to  their  expression  as  observed  in  the 
environment.  When  the  Yosemite  strain  Stanford  garden.  The  ratings  of  all  five 
of  cardinalis  is  substituted  for  the  Los  characters  were  averaged  to  obtain  the 
Trancos  strain  as  a  parent  in  crossing  with  index  value  for  every  Fi  and  F2  individual. 
Timberline  lewisii,  the  resultant  Fi  hybrid  In  figure  21  the  frequencies  of  the  vari- 
is  the  most  vigorous  of  all,  producing  ap-  ous  dry-weight  classes  at  Stanford  and 
proximately  8  times  the  dry  weight  of  the  Timberline  are  plotted  against  the  index 
lewisii  parent.  The  complementary  effects  values.  The  graphs  in  the  upper  part  of 
of  the  germ  plasms  of  different  altitudinal  the  figure  show  the  frequency  distributions 
races  when  combined  together  in  first-  of  dry  weight  for  cloned  propagules  of 
generation  hybrids  are  clearly  evident.  the  two  parents  and  the  Fi  hybrid,  and 

Responses  of  cloned  F2  progeny  to  trans-  those  in  the  lower  part  show  the  frequency 
planting.  The  extremely  wide  segregation  distribution  of  the  dry  weights  of  the  F2 
and  recombination  of  characters  among  progeny.  Since  clones  of  the  same  indi- 
second-generation  F2  progeny  of  the  hybrid  viduals  are  being  compared  at  Stanford  and 
M.  cardinalis  Los  Trancos  X  M.  lewisii  at  Timberline,  the  graphs  reflect  the  over- 
Timberline  has  been  described  in  the  all  growth  response  as  represented  by  total 
earlier  reports  mentioned.  In  testing  the  production  of  dry  weight  of  the  tops  dur- 
existence  of  a  possible  general  correlation  ing  the  1960  growing  season, 
between  recombinations  of  morphological  it  is  clear  from  this  analysis  that  there 
characters  that  distinguish  the  parents,  and  are  marked  trends  in  correlation  between 
the  capacity  of  F2  plants  to  survive  and  morphological  characteristics  and  growth 
grow  at  the  altitudinal  stations,  total  dry  response  at  the  contrasting  altitudinal  sta- 
weights  at  the  end  of  the  1960  growing  tions  at  Stanford  and  Timberline.  At  Stan- 
season  were  determined  for  the  parents,  £ord  there  is  a  highly  significant  tendency 
the  Fi,  and  a  sample  of  205  F2  individuals  £or  F2  individuals  most  resembling  the 
grown  as  clones  at  Stanford  and  at  Timber-  cardinalis  parent  to  produce  the  larger  dry 
nne*  weights,  and  for  plants  most  resembling 

The  dry  weights  were  then  plotted  as  tne  lewisii  parent  to  produce  the  least.  At 

frequencies  against  index  values  used  as  Timberline  the  correlation  is  in  a  differ- 

measures  of  the  degree  of  morphological  ent    direction>    the   greatest   dry    weights 

similarity  to  one  parent  or  the  other    In  bdng  produced  by  plants  resembling  either 

making  up  the  index  values  each  F2  plant  the   intermediate  Fl   types    or  those   ap_ 

was  scored  on  the  basis  of  five  characters  hi        the   characteristics   of   the   M. 

that    clearly    distinguished    the    parents.  7      •  ••                 t-i                1              a    .    1 

~,           ,    J            •     1    1    1    n               1  lewisii  parent.   These  trends  are  reflected 

1  hese   characters   included    nower   color,  •     1         1         cj\             w            rr  • 

,      ,        ,             1-jij         •          c  in  the  values  or  the  correlation  coefficient,  r. 

style    length,    petal   width,    dentation    or  _,.         c                        111.1 

leaves,  and  color  pattern  of  the  flowers.  LThese  facts  suPPort  the  ^5* hesis  *at 

These  characters  are  essentially  nonmodi-  there  1S  a  Senfra!  Senf 1C  Terence  bc- 

fiable  at  the  transplant  stations,  their  ex-  tween  morphological  characters  and  the 

pression  being  controlled  almost  entirely  capacity  to  survive  and  grow  in  contrasting 

by  genetic  recombination.  environments.  At  the  same  time,  the  data 

The  scoring  of  each  character  was  made  also  reveal  the  importance  of  the  comple- 

on  the  basis  of  a  scale  of  9:  plants  closely  mentary  action  of  genetic  recombination  in 

resembling  the  M.  lewisii  parent  with  re-  enhancing  yields,  not  only  in  such  an  ex- 

spect  to  a  given  character  were  given  a  treme  environment  as  Timberline,  where 

rating  of  1;  those  closely  resembling  the  the  F2  progeny  most  resembling  the  Fi 

cardinalis  parent  were  rated  at  9.    Inter-  types  are  the  most  vigorous,  but  also  at 

mediate  grades  of  expression  were  care-  Stanford,  where  the  recombined  F2's  with 
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Fig.  21.  Correlation  diagrams  showing  frequencies  of  dry-weight  production  plotted  against  index 
values  of  morphological  characters  of  Mimulus  cardinalis,  M.  lewisii,  and  their  Ft  and  F2  progeny 
grown  as  cloned  transplants  at  Stanford  and  Timberline.  See  text. 


index  values  of  9  outproduced  the  parental 
M.  cardinalis  at  that  station. 

A  comparison  of  the  performance  of  the 
sample  of  F2  progeny  subjected  to  rigorous 
selection  at  Timberline  during  early  seed- 
ling stages  with  an  F2  sample  from  the 
same  cross  selected  at  random  from  seed- 
lings grown  in  the  greenhouse  at  Stanford, 
as  described  in  Year  Book  57,  pages  270- 
272,  showed  no  demonstrable  difference  in 
dry-weight-yield  pattern  at  Stanford  and 
at  Timberline  when  plotted  against  their 
index  values,  as  in  figure  21.  The  fre- 
quency of  F2  progeny  having  cardinalis- 
like  characters  was  higher  in  the  Stanford- 
selected  sample,  but  individual  F2  plants 
having  the  same  index  values  performed 
essentially  alike  in  both  samples. 


Additional  Fi  combinations.  The  re- 
sults presented  in  table  6  make  evident  the 
need  for  a  systematic  exploration  of  the 
comparative  performance  of  Fi  hybrids 
from  a  number  of  racial  combinations  of 
M.  cardinalis,  M.  lewisii,  and  other  mem- 
bers of  the  same  species  complex,  including 
M.  verbenaceous  and  M.  castwoodae  from 
Utah,  Arizona,  and  other  areas.  This  year 
56  new  Fi  hybrid  combinations  derived 
from  races  listed  in  Year  Book  59,  pages 
320-321,  tables  1  and  2,  are  being  grown  at 
Stanford  and  are  being  cloned  for  testing 
at  the  transplant  stations  along  with  the 
parental  races. 

From  the  transplant  studies  described 
above,  individual  plants  of  Mimulus  of 
various  climatic  races  and  hybrid  deriva- 
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tives  of  particular  interest  are  being  selected  appear  to  be  more  variable  within  them- 

for  detailed  physiological  measurements.  selves,  than  in  Norway.  The  Presti  popu- 
lation is  fully  winter-active  at  Stanford  and 

Studies  in  Poa  produces  even  more  bulk  in  growth  than 

.        ~    _,            w  /    7      ^    at  7         j  when  grown  in  the  Volbu  habitat,  a  re- 

fens  C.  Clausen,  Malcolm  A.  Nobs,  ana  •        i                                 •  i      i      V. 

William  M.  Hiesey  sPonse  in  sharP  contrast  with  the  Berset 

population,  which,  like  most  plants  from 
Plants  of  the  interlatitudinal  transplant  high  latitudes,  is  much  reduced  in  over-all 
experiment  on  Poa  described  in  Year  Book  growth  at  Stanford  as  compared  with 
59,  pages  322-324,  flowered  at  Stanford  for  Volbu.  The  Berset  population,  moreover, 
the  first  time  during  the  spring  of  1961.  sn0ws  extreme  variability  among  indi- 
At  this  writing,  measurements  are  being  vi(]ual  plants,  ranging  from  poorly  ad- 
assembled,  but  data  from  a  second  year  justed,  dwarf,  nonflowering  plants  to  fairly 
will  be  needed  before  meaningful  conclu-  vigorous  individuals.  The  variability 
sions  can  be  drawn.  These  strains  have  within  the  Presti  strain  as  expressed  at 
passed  through  four  generations  of  apo-  Stanford  is  not  as  extreme  as,  but  greater 
mictic  seed  production  at  the  61st  latitude  tnan    at  Volbu. 

in  the  mountain  area  near  Volbu,  Norway,  r^  phenotypic  expression  of  latent 
before  being  returned  to  Stanford  at  the  genetic  variability  in  highly  contrasting  en- 
38th  latitude,  where  they  had  been  grown  vironments  is  a  poorly  understood  phe- 
before  1949,  when  seeds  were  sent  to  nomenon  that  undoubtedly  is  very  corn- 
Norway.  The  early  measurements  indicate  mon  but  usually  is  overl0oked  because 
that  the  apomictic  biotypes  were  not  altered  experiments  are  not  ordinarily  conducted 
through  the  four  generations  they  spent  in  over  latitudes  that  difler  so  widely.  Such 
the  very  different  climate  at  Volbu.  effects  are  o£  considerable  significance  in 
The  great  difference  between  the  ch-  the  study  o£  evoiution  and  in  the  propaga- 
mates  at  Stanford  and  Volbu  is  reflected  tion  and  utiiization  0f  cultivated  plants, 
in  the  contrasting  responses  of  two  Nor- 
wegian strains  of  the  Poa  pratensis  com-  _                         _                         _ 

1                       fc                i         t->        -T)       i     c    ir     „„       r  hVOLUTIONARY    PATTERNS    AND    COHERENCE 

plex  sent  to  us  by  Dr.  Paul  Solberg  or 

1     tvt                    ^  1*       £                       *.    •  in  Leanotnus 
the  Norwegian  station  tor  experiments  in 

the  mountain  districts  at  Volbu.   The  two  Malcolm  A.  Nobs 

were  local  strains  from  the  Volbu  region 

that   previously  had   not  been   grown   at  ^bout  50  million  years  ago  during  the 


Stanford.  One,  known  as  the  Presti  strain,  early  Part  of  th^  Tertiary  period  a  marked 

is  a  form  of  Poa  pratensis  which  grows  change  occurred  in  the  climate  of  western 

vigorously  in  Norway  at   1500   feet  alti-  North  America.  This  change  was  typified 

tude  within  the  montane  forest  zone.  The  b^  a  ?™du?1  lncTrf  asf  b°th  in  temperature 

other,  known  as   the   Berset  strain,  is   a  and  in  ar,ldlty-  ynder  the  imPact  <**» 

population  of  P.  pratensis  alpigena  from  chan§e'  the  c°o1  mesic  vegetation  which 

the  alpine  station  at  Berset  at  3000  feet  occupied  most  of  the  western  states  was 

altitude,  200  feet  above  tree  line.  At  Volbu  replaced  by  vegetation  primarily  composed 

the  two,  although  visibly  distinct  in  per-  o£  small-leaved  sclerophyllous  types  which 

formance,  appear  to  be  fairly   similar  to  have  been  collectively  termed  the  Madro- 

each  other  and  uniform  within  themselves,  Tertiary    Geoflora.    Ceanothus,   the   Cali- 

although  both   strains   appear   to  contain  fornia  lilac  of  the  family  Rhamnaceae,  is  a 

several  biotypes.  prominent  component  of  this  geoflora,  and 

At  Stanford  the  cultures  of  the  two  Nor-  is  represented  nearly  continuously  in  the 

wegian    populations    differ   strikingly    in  fossil  record  since  the  Oligocene,  a  period 

appearance  from  each  other,  and  likewise  of  about  36  million  years. 
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At  the  present  time  the  genus  includes 
about  55  species  of  shrubs  or  small  trees. 
All  are  endemic  to  North  America,  and 
are  distributed  from  Guatemala  northward 
into  southern  Canada  and  from  the  Pacific 
coast  east  to  the  Atlantic.  The  greatest 
concentration  of  species  is  found  along  the 
Pacific  coast,  44  being  represented  in  Cali- 
fornia. 

The  species  are  grouped  into  two 
homogeneous  sections,  Euceanothus  and 
Cerastes,  on  the  basis  of  morphology.  Ge- 
netic evidence  supports  this  separation,  for, 
although  the  members  of  both  sections 
have  the  same  chromosome  number, 
n  =  12,  the  few  hybrids  that  have  been 
obtained  between  members  of  the  two 
sections  are  completely  sterile.  The  fossil 
record  indicates  that  this  major  divergence 
within  Ceanothus  had  already  taken  place 
about  25  million  years  ago,  for  leaf  forms 
of  Miocene  fossil  floras  of  western  North 
America  are  present  which  are  nearly  in- 
distinguishable from  leaves  of  living  spe- 
cies both  of  section  Euceanothus  and  of 
section  Cerastes. 

In  contrast  with  the  complete  sterility 
barriers  that  exist  between  the  sections, 
the  species  within  each  section  are  inter- 
fertile.  Despite  the  fact  that  the  species 
within  each  section  often  differ  strikingly 
from  one  another  in  morphological  char- 
acters, these  species  are  genetically  equiva- 
lent only  to  ecotypes  or  ecological  races,  as 
in  Potentilla  gland ulosa  (Year  Book  47, 
pp.  106-110).  It  is  from  the  extensive  ex- 
perimental studies  of  Clausen  and  Hiesey 
on  the  contrasting  races  and  hybrids  of 
Potentilla  in  the  three  different  environ- 
ments of  the  transplant  stations  that  the 
mechanisms  controlling  both  the  differenti- 
ation and  the  stabilization  of  interfertile, 
yet  distinct,  forms  such  as  those  found 
within  the  section  of  Ceanothus  now  be- 
come evident. 

The  genetic  basis  for  differentiation  and 
subsequent  stabilization  of  ecotypes  in  such 
polymorphic  groups  depends  primarily  on 
a  system  of  partial  genetic  linkage.  These 


result  in  a  general  coherence  between 
groups  of  characteristics,  both  morpho- 
logical and  physiological,  which  are  bal- 
anced against  selective  pressures  of  natural 
environments.  The  multiple  gene  systems 
that  control  the  expression  of  such  char- 
acters tend  to  be  linked  together  through 
the  chromosomes.  Population  groups  that 
have  become  differentiated  thus  tend  to  be 
perpetuated  by  this  semistable  genetic 
mechanism  in  a  stable  environment.  En- 
vironmental changes,  however,  may  cause 
new  pressures  and  new  equilibria  to  be 
established  that  result  in  new  stabilized 
forms,  or  the  original  forms  may  migrate 
to  follow  an  environment.  Hybridization 
between  stabilized  forms  in  an  unstable 
environment  may  greatly  enrich  the  vari- 
ability through  recombination,  and  lead  to 
the  stabilization  of  still  other  taxonomically 
recognizable  entities. 

During  the  past  26  million  years  moun- 
tain building,  volcanic  activity,  and  erosion 
have  wrought  major  changes  in  both  the 
climate  and  topography  of  western  North 
America.  Under  these  constantly  chang- 
ing conditions  the  Cerastes  section  of 
Ceanothus  has  fully  exploited  the  possibil- 
ities of  its  flexible  genetic  system,  and  has 
both  retained  species  with  leaf  forms  simi- 
lar to  those  found  in  the  early  fossil  floras 
and  added  a  new  series  of  species  not 
previously  represented.  The  present-day 
components  of  Ceanothus  occupy  a  rich 
diversity  of  habitats,  ranging  from  coastal 
sea  bluffs  to  subalpine  conditions,  and 
from  mesic  rain  forests  to  arid  situations. 
Geographically,  they  occupy  an  extensive 
area  from  southern  Mexico  northwestward 
into  northern  Washington. 

The  species  within  the  Cerastes  section 
can  be  separated  into  three  main  groups  on 
the  basis  of  the  anatomy  of  the  stomatal 
leaf  crypts,  and  the  distribution  and  kinds 
of  hairs  associated  with  these  crypts.  These 
three  major  groups  appear  to  represent 
three  independent  nodes  of  differentiation 
separated  geographically  during  the  period 
of  their  major  development. 
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The  first  group  has  narrowly  constricted 
crypts  with  the  inner  surface  entirely  lined 
with  a  dense  felt  of  kinky  interlocking 
hairs.  This  group  appears  to  have  dif- 
ferentiated along  the  Pacific  coast,  and  is 
now  represented  by  a  series  of  seven 
endemic  species,  each  restricted  to  a  par- 
ticular habitat.  They  are  distributed  in  a 
narrow  belt  along  the  coast  from  Baja 
California  north  into  Humboldt  County  in 
California. 

The  second  group,  represented  by  ten 
named  species,  appears  to  have  differenti- 
ated to  the  northeast  and  is  essentially 
montane.  This  group  has  broadly  dilated 
crypts  with  the  inner  crypt  surface 
glabrous.  The  tomentum  is  composed  of 
straight  to  slightly  undulating  hairs,  and 
these  are  restricted  to  the  immediate  bor- 
ders of  the  crypt  aperture.  With  the  ex- 
ception of  one  species,  which  is  restricted 
to  southern  California,  all  are  distributed 
in  a  belt  extending  from  Tulare  County 
in  the  Sierra  Nevada  northward  into  the 
Cascades  of  central  Washington,  with  an 
arm  extending  southeastward  through  the 
Klamath  and  Trinity  mountains  to  the 
Coast  Ranges  just  north  of  San  Francisco 
Bay.  These  first  two  groups  probably 
evolved  independently  under  geographical 
isolation,  the  major  barrier  between  them 
being  the  Great  Valley  of  California,  which 
during  the  Tertiary  period,  was  a  large 
inland  sea. 

The  third  group  has  crypts  essentially 
intermediate  between  the  two  former 
groups.  The  tomentum  is  sparse  and  com- 
posed of  undulating  hairs  that  loosely 
clothe  the  lower  half  of  the  crypt  walls. 
This  group  includes  only  one  large  species- 
complex.  It  appears  to  have  had  its  initial 
differentiation  toward  the  southeast,  with  a 
later  spread  into  the  area  of  the  Pacific 
coast.  Its  present  distribution  is  in  the 
semiarid  regions  of  southern  Mexico  north 
into  Texas,  Arizona,  New  Mexico,  Utah, 
and  Nevada,  with  a  northwestern  exten- 
sion which  occupies  nearly  all  the  semiarid 
foothill    areas    through    California    into 


Oregon.  The  extension  of  this  aggressive 
complex  in  the  Pacific  states  is  of  par- 
ticular interest  because  at  the  present  time 
it  forms  a  matrix  between  the  more  re- 
stricted species  of  the  two  former  groups. 
The  active  hybridization  between  this  com- 
plex and  the  species  of  both  the  two  former 
groups  (Year  Book  50,  pp.  117-118)  sug- 
gests that  this  invasion  into  California  oc- 
curred at  a  later  time  than  the  major  dif- 
ferentiation of  the  former  groups. 

At  present  we  are  witnessing  the  active 
development  of  a  fourth  node  of  differenti- 
ation. It  is  primarily  the  result  of  gene 
interchange  between  this  third  group  and 
the  components  of  the  two  former  groups 
under  the  influence  of  our  ever-changing 
environments.  The  members  of  these  for- 
mer groups  under  the  impact  of  this 
aggressive  complex,  however,  show  no  evi- 
dence of  becoming  submerged.  Rather,  a 
series  of  new  forms  appears  to  be  evolving 
which  occupy  habitats  different  from  those 
of  their  progenitors. 

Developmental  Studies  of  Certain  Fea- 
tures of  Cheilanthoid  Ferns 

Thomas  R.  Pray 

The  Cheilantheae,  composed  of  the 
genera  Cheilanthes,  Pellaea,  Notholaena, 
and  several  small,  presumably  allied 
genera,  remain  one  of  the  most  problematic 
groups  of  living  ferns.  At  present  the 
principal  genera  and  their  smaller  segre- 
gates are  impossible  to  define  in  a  satis- 
factory manner  when  traditional  characters 
such  as  the  morphology  of  the  sori  are 
utilized.  The  relationships  among  the 
species  are  obscure. 

The  goal  of  the  present  investigation  is 
to  provide  detailed,  comparative  informa- 
tion about  species  of  cheilanthoid  ferns. 
The  particular  features  being  studied  are: 
(1)  development  and  mature  structure  of 
the  gametophyte  generation;  (2)  early  de- 
velopment and  succession  of  leaf  form  of 
the  sporophyte;  (3)  ontogeny  of  the 
sporangia  and  sori.  Almost  nothing  is 
known  about  these  features.    It  is  hoped 
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that  when  comparative  data  on  these  char- 
acters are  assembled  they  will  suggest 
natural  species-groups  and  provide  guide- 
posts  to  phylogenetic  relationships. 

As  a  group,  the  cheilanthoid  ferns  are 
found  in  xeric  habitats,  particularly  deserts 
and  exposed  mountain  slopes.  Certain 
species,  especially  members  of  the  genus 
Notholaena,  are  to  be  found  in  extremely 
dry  situations  associated  with  such  other 
xerophytes  as  cacti.  One  of  the  geographic 
centers  of  distribution  is  southwestern 
North  America,  especially  the  states  of 
California,  Arizona,  and  New  Mexico, 
western  Texas,  and  the  northern  and  cen- 
tral highlands  of  Mexico.  The  present 
phase  of  the  investigation  is  being  centered 
on  species  of  the  above  regions.  North  of 
this  area  the  number  of  species  diminishes 
rapidly.  In  California,  of  the  46  recorded 
species  of  Filicales,  a  majority  of  25  belong 
to  the  cheilanthoid  group,  and  another  4 
species,  of  the  genera  Pityro gramma  and 
Adiantum,  are  presumably  closely  allied. 

In  the  immediate  environs  of  the  Mather 
transplant  station  of  the  Institution,  4  spe- 
cies of  Cheilanthes  and  3  species  of  Pellaea 
(in  addition  to  a  presumed  natural  hybrid 
of  Pellaea)  have  been  collected.  Surround- 
ing the  Timberline  station  there  are  5  chei- 
lanthoid species,  including  3  which  occur 
at  Mather  and  2  more  montane  elements, 
P.  breweri  and  Crypto  gramma.  The 
cheilanthoid  ferns  are  also  characteristic  of 
similar  habitats  in  South  America,  South 
Africa,  and  Australasia.  Species  native  to 
the  latter  regions  will  be  included  in  the 
investigation  as  they  become  available  in 
order  to  provide  as  many  comparative  data 
as  possible. 

The  phase  of  work  being  carried  on  in 
the  laboratory  of  the  Department  of  Plant 
Biology  is  directed  primarily  to  a  study  of 
germination  of  spores,  gametophyte  de- 
velopment, and  morphology  of  the  mature 
gametophyte.  Spores  are  sown  on  nutrient 
agar,  and  camera  lucida  drawings  are 
made  of  all  stages  from  living  material. 
Particular  attention  is  being  given  initially 


to  species  of  Pellaea,  especially  members 
of  the  section  Eupellaea,  which  with  a 
single  exception,  are  entirely  American  and 
seem  to  form  one  of  the  most  natural 
groups  of  the  Cheilantheae.  The  results 
may  therefore  serve  as  a  measure  both  of 
the  degree  of  uniformity  and  of  the  extent 
of  variation  that  can  be  expected  to  occur 
in  a  group  assumed  to  have  close  phylo- 
genetic unity. 

Of  the  21  taxa  assigned  to  Eupellaea 
(included  here  is  the  distinctive  P. 
bridgesii),  the  gametophytes  of  11  have 
been  studied  to  date.  In  addition,  some  in- 
formation on  20  other  cheilanthoids  has 
been  obtained.  Although  the  data  are  still 
too  incomplete  for  systematic  analysis,  the 
results  appear  to  indicate  certain  trends. 
It  is  now  clear  that  it  will  be  the  taxa  with 
normal,  sexual  gametophytes  that  must 
form  the  basis  for  evaluating  most  gameto- 
phytic  characters.  Apogamy  occurs  spo- 
radically throughout  the  cheilanthoid 
ferns.  It  appears  that  a  number  of  species 
may  be  entirely  apogamous.  In  a  few 
known  instances,  a  single  morphological 
entity  may  have  both  sexual  and  apoga- 
mous forms.  Such  taxa  are  of  particular 
interest.  One  such  species  is  the  Cali- 
fornian  Pellaea  an  drome  dae  folia.  From  a 
study  of  gametophytes  from  5  samples  of 
this  species  it  has  been  shown  that  the 
gametophytes  of  an  apogamous  race  may 
difTer  very  strikingly  from  the  normal 
sexual  thalli  of  the  same  species.  Also, 
the  apogamous  gametophytes  of  different 
species  may  be  so  similar  as  to  be  in- 
distinguishable. The  gametophytes  of 
members  of  the  cheilanthoid  group  thus 
far  studied  have  been  quite  uniform  in 
respect  to  spore  germination.  Upon  the 
cracking  of  the  spore  wall  the  first  rhizoid 
appears,  accompanied  by  or  preceding  the 
extension  of  the  prothallial  cell.  Depend- 
ing upon  temperature,  species,  and  perhaps 
age  of  spores,  germination  may  occur  as 
early  as  within  4  days  after  sowing,  espe- 
cially in  desert  species.  Almost  all  species 
germinate  within  10  to  15  days.  The  game- 
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tophyte  becomes  a  short  filament  very 
rapidly  through  transverse  divisions  of  the 
prothallial  cell.  In  most  sexual  species  the 
filament  becomes  3  or  4  cells  long  before 
vertical  division  of  the  terminal  cell  occurs, 
initiating  plate  formation.  Vertical  divi- 
sion may  also  occur  subsequently  in  one 
or  more  of  the  original  cells  of  the 
filament.  The  filamentous  stage  of  asexual 
forms  is  often  markedly  extended  and 
may  be  maintained  into  a  late  phase 
of  gametophyte  development.  In  a  num- 
ber of  instances  the  apogamous  game- 
tophytes  differ  from  the  normal  by  an  in- 
ability to  develop  a  regular  apical  meristem, 
with  the  result  that  growth  seems  to  be 
highly  irregular.  Typically,  however,  a 
definite  center  of  growth  appears  some- 
where on  the  asymmetrical  thallus. 

In  the  early  development  of  sexual  game- 
tophytes,  a  definite  apical  cell  is  typically 
not  evident.  For  a  short  time  after  plate 
formation  is  initiated,  a  medianly  situated 
cell  may  appear  to  be  the  apical  cell,  but 
more  often  there  is  an  ill-defined  group  of 
cells  which  is  the  center  of  meristematic 
activity.  Often  the  meristem  is  rather  dif- 
fuse along  the  broadening  edge  of  the 
developing  plate.  In  a  number  of  species 
the  center  of  meristematic  activity  grad- 
ually shifts  to  one  side,  finally  occupying 
a  definite  lateral  position.  Adjacent  to  such 
a  lateral  meristem  a  new  lobe  starts  to 
develop.  At  this  phase  the  gametophyte  is 
typically  a  spatulate  thallus  with  a  dis- 
tinctly lateral,  small  secondary  lobe.  The 
secondary  lobe  then  develops  very  rapidly 
and  soon  becomes  equal  to  the  original 
part  of  the  thallus.  Thus  the  gametophyte 
passes  from  an  asymmetrical  phase  to  a 
fairly  regular  cordate  phase  typical  of 
higher  ferns  in  general.  In  this  group  the 
same  cordate  form  can  be  attained  either 
directly  (as  in  many  other  ferns  investi- 
gated) or  secondarily,  as  described  above. 
The  early  shift  of  the  meristem  to  a  lateral 
position  may  be  found  to  be  a  distinctive 
characteristic  of  cheilanthoids  as  a  group. 
It    has    been    noted    in    many    Pellaeas, 


Cheilanthes,  and  some  gymnogrammoid 
ferns  (a  group  which  is  probably  closely 
allied  to  cheilanthoids),  and  it  is  especially 
strongly  expressed  in  Onychium,  a  plant 
considered  by  Bower  to  be  a  relatively 
primitive,  basic  member  in  this  evolution- 
ary line.  An  evaluation  of  the  phylogenetic 
significance  of  this  feature  must  await  the 
accumulation  of  more  complete  data. 

All  investigated  Pellaeas  are  devoid  of 
hairs  on  the  thallus  (except  the  simple, 
colorless  rhizoids).  This  is  also  true  of 
most  other  members  of  the  group  which 
have  been  grown.  There  are,  however,  a 
number  of  Notholaenas  whose  gameto- 
phytes,  either  sexual  or  apogamous,  have 
capitate,  ceraceous  hairs  similar  to  those 
of  the  sporophytes  of  the  same  species. 
These  hairs  typically  occur  chiefly  along 
the  margins,  but  occasionally  they  have 
also  been  observed  on  the  surface  of  the 
thallus.  This  group  of  Notholaena  in- 
cludes such  morphologically  diverse  spe- 
cies as  N.  cali] ornica,  N.  greggii,  N.  grayii, 
and  N.  aschenborniana.  Although  many 
other  species  of  ferns  have  ceraceous  hairs 
on  the  sporophytic  organs — some  Pellaeas, 
other  Notholaenas  such  as  N.  nivea  and 
N.  limitanea,  Cheilanthes  farinosa,  Pityro- 
gramma  ssp. — none  of  these  displays  simi- 
lar structures  on  the  gametophyte.  The  re- 
stricted occurrence  of  this  feature  may 
then  indicate  one  group  of  phylogenetically 
related  species. 

At  the  present  time  the  gametangia  have 
been  studied  only  casually.  No  apparent 
differences  from  those  of  other  higher  ferns 
have  as  yet  been  observed. 

Intraspecific  Variation   in  Festuca 

E.  W.  Tisdale 

The  results  from  two  seasons  of  observa- 
tions on  uniform  nursery  trials  at  Stan- 
ford, California,  and  Moscow,  Idaho,  are 
now  available.  The  tests  were  started  in 
the  spring  of  1959  from  bulk  seed  collected 
of  Festuca  idahoensis  and  a  few  lots  of 
other  native  perennial  fescues.    This  ma- 
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terial  was  germinated  in  the  greenhouse, 
and  the  seedlings  were  set  out  as  spaced 
plants,  1  meter  apart,  with  90  plants  in 
each  lot.  Duplicate  plantings  were  made 
at  the  two  stations  in  order  to  compare  the 
performance  of  diverse  races  from  many 
climates  in  the  two  very  different  habitats. 
After  limited  watering  to  assist  seedling 
establishment,  cultivation  for  weed  con- 


graphically.  The  two  collections  from 
Rogers  Pass  represent  an  edaphic  differ- 
ence with  no.  7166  from  plants  on  an 
extremely  shallow  soil  and  no.  7167  from 
an  adjacent  area  of  moderately  deep  soil 
with  different  vegetation.  The  F.  scabrella 
lots  include  one  (7174)  from  plants  grow- 
ing along  with  F.  idahoensis,  no.  7157.  The 
F.  occidentalis,  7155,  collection  is  from  a 


TABLE  7.  Festuca  Material  Planted  at  Stanford  and  Moscow,  1959 


No. 


Species 


Source 


Elevation, 
ft 


7152 

Festuca  idahoensis 

7156 
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7157 

M                                     (( 

7158 

((                                    <( 

7159 

((                                    <( 
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((                                        It 

7161 

((                                        << 

7162 

«(                                         tt 

7163 

<<                                        <( 

7166 

((                                        «( 

7167 

((                                        << 

7168 

<(                                        (< 

7169 

(C                                        (< 

7170 

((                           (( 

7171 

tt                             tt 

7172 

<(                                         (C 

7173 

<(                           (( 

7178 

ft                             ft 

7155 

occidentalis 

7165 

rubra  (?) 

7174 

scabrella 

7175 

"                              tt 

7176 

<<                             <( 

7179 

ft                             <( 

Coyote  Grade,  Nez  Perce  Co.,  Idaho  2200 

Moscow  Mtn.,  Latah  Co.,  Idaho  3300 

Athol,  Bonner  Co.,  Idaho  2100 

Rock  Creek,  southern  B.  C,  Canada  2000 

New  Meadows,  Valley  Co.,  Idaho  4300 

McCall,  Valley  Co.,  Idaho  5100 

Dubois,  Clark  Co.,  Idaho  5900 

Squaw  Butte,  Harney  Co.,  Oregon  4400 

Sisters,  Deschutes  Co.,  Oregon  3500 

Rogers  Pass,  Lewis  and  Clark  Co.,  Mont.  4500 

Rogers  Pass,  Lewis  and  Clark  Co.,  Mont.  4700 

Bozeman,  Gallatin  Co.,  Montana  5000 

Beartooth  Lake,  Carbon  Co.,  Mont.  7900 

Gold  Hill,  Madison  Co.,  Montana  5400 

Lockhart  Ranch,  Jefferson  Co.,  Mont.  6670 

Bull  Creek,  Beaverhead  Co.,  Montana  7360 

Moran,  Teton  Co.,  Wyoming  6750 

Harvey  Valley,  Lassen  Co.,  Calif.  5600 

Moscow  Mtn.,  Latah  Co.,  Idaho  3600 

Prairie  Peak,  western  Oregon  3400 

Athol,  Bonner  Co.,  Idaho  2100 
Ta-Ta  Creek,  North  of  Cranbrook,  B.  C, 

Canada  3100 

Saskatoon,  Sask.,  Canada  1600 

Kamloops,  B.C.,  Canada  2000 


trol  was  the  only  care  provided  for  these 
plantings.  Data  obtained  included  per- 
centage survival,  basal  diameter,  maximum 
height  of  leaves  and  culms,  number  of 
culms,  length  of  longest  inflorescence, 
foliage  color,  phenology,  and  general  notes 
on  habit  of  growth,  insect  and  disease  dam- 
age, and  winter  activity. 

The  nature  and  source  of  the  collections 
established  at  the  two  nurseries  are  shown 
in  table  7.  The  material  represents  col- 
lections for  F.  idahoensis  from  a  wide 
variety  of  sites,  both  ecologically  and  geo- 


mixed  Pseud otsuga-Pinus  ponderosa  for- 
est about  %  mile  from  the  7156  site  of 
F.  idahoensis  in  open  Pinus  ponderosa. 
A  few  plants  of  F.  occidentalis  were  found 
at  the  latter  location  in  the  more  shaded 
spots. 

Although  it  is  still  too  early  to  assess 
these  trials  fully,  the  results  for  the  first 
two  years  indicate  marked  differences  in 
performance  among  the  various  collections 
at  any  one  station,  and  likewise  between 
the  two  testing  stations. 

In  general,   survival  has  been   high   at 
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Moscow  and  low  at  Stanford.  At  Moscow, 
all  but  two  of  the  F.  idahoensis  lots  showed 
survival  rates  of  80  per  cent  or  more  at 
the  end  of  the  1960  season;  at  Stanford, 
the  maximum  survival  for  this  species  was 
76  per  cent  and  only  7  lots  showed  above  50 
per  cent.  The  poorest  survival  at  Moscow 
was  for  two  collections  (7173  and  7172) 
from  high  elevations  in  Montana  and 
Wyoming.  At  Stanford,  the  highest  sur- 
vival was  for  two  lots  (7157  and  7152)  from 
northern  Idaho.  Low  survival  (0  to  30  per 
cent)  was  obtained  for  three  high  eleva- 
tion sites  in  Montana  and  Wyoming,  for 
the  northeastern  California  lot,  and  for  the 
collections  (7161  and  7162)  from  dry  sage- 
brush sites  in  southern  Idaho  and  eastern 
Oregon. 

Of  the  other  species  tested,  F.  scabrella 
survived  poorly  (0  to  16  per  cent)  at  Stan- 
ford, and  relatively  well  (82  to  90  per  cent) 
at  Moscow.  The  one  exception  was  no. 
7176  from  Saskatoon,  Saskatchewan,  with 
a  survival  of  57  per  cent  at  Moscow.  F. 
occidentalism  after  a  good  start  in  1959, 
survived  poorly  (34  per  cent)  at  Stanford 
and  78  per  cent  at  Moscow.  F.  rubra 
showed  high  survival  at  both  locations  and 
was  the  best  of  all  lots  at  Stanford  in  this 
respect. 

The  mortality  at  Stanford  was  sharply 
increased  in  1960  for  all  but  a  few  lots. 
At  Moscow,  the  increase  in  mortality  from 
1959  to  1960  was  low,  exceeding  5  per  cent 
only  on  the  two  high-elevation  lots  noted 
previously. 

Basal  diameter  measurements  showed 
differences  among  the  collections  ranging 
up  to  90  per  cent,  and  striking  differences 
between  stations.  At  the  close  of  the  1959 
season,  the  figures  for  Stanford  and  Mos- 
cow were  highly  comparable,  but  the 
data  for  1960  show  the  Moscow  material 
to  be  larger  in  every  lot,  with  an  average 
difference  of  about  50  per  cent.  For  F. 
idahoensis,  the  cultures  at  Stanford  with 
greatest  basal  diameters  were  the  same  two 
(7152  and  7157)  from  northern  Idaho  that 
showed  the  highest  percentage  survival. 
At  Moscow,  the  average  basal  diameter 


was  greatest  in  the  lots  from  Sisters,  Ore- 
gon, northern  Idaho  (7152),  and  north- 
eastern California.  Differences  in  means 
at  this  station  were  relatively  low,  with  the 
exception  of  the  two  high-elevation  collec- 
tions (7172  and  7173),  which  also  showed 
the  poorest  survival  rate. 

Among  the  miscellaneous  species,  F. 
rubra  had  the  largest  average  basal  diam- 
eter of  all  lots  at  both  stations.  The  F. 
scabrella  lots  were  about  the  same  size  as 
the  higher-rating  collections  of  F.  idahoen- 
sis at  both  stations,  and  were  about  50  per 
cent  larger  at  Moscow  than  at  Stanford. 

Measurements  of  maximum  height  of 
basal  leafage  showed  differences  ranging 
up  to  250  per  cent  in  F.  idahoensis,  and 
heights  averaged  somewhat  greater  at 
Moscow  than  at  Stanford.  The  highest- 
ranking  lots  at  Stanford  were  two  (7157 
and  7152)  from  northern  Idaho,  and  the 
next  three  ranking  collections  were  also 
from  this  region.  Very  short  foliage  was 
shown  by  several  lots  from  Montana  and 
by  no.  7161  from  a  dry  sagebrush  site  in 
southern  Idaho.  At  Moscow,  the  highest- 
ranking  lots  were  also  from  northern 
Idaho;  the  lowest  included  the  three  collec- 
tions from  high  elevations  in  Montana 
and  Wyoming,  and  no.  7162  from  the  sage- 
brush zone  in  eastern  Oregon. 

Leaf  height  for  the  F.  scabrella  lots  was 
nearly  as  great  as  for  the  taller  F.  idahoen- 
sis collections  at  both  stations,  with  the 
exception  of  no.  7176  from  Saskatoon 
which  was  definitely  shorter  at  Moscow 
and  failed  to  survive  at  Stanford. 

Maximum  culm  heights  (available  only 
in  1960)  showed  much  less  variation 
among  lots  than  leaf  height,  and  averaged 
a  little  greater  at  Moscow  than  at  Stan- 
ford. At  Stanford,  the  highest-ranking  ma- 
terial included  nos.  7157  and  7152  from 
northern  Idaho,  no.  7163  from  Sisters, 
Oregon,  and  no.  7168  from  Bozeman, 
Montana.  The  highest  ratings  at  Moscow 
were  for  four  lots  from  northern  Idaho, 
along  with  the  material  from  Bozeman. 
At   both   stations,   culms   were   short  on 
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several  Montana  lots,  on  7173  from  Wyo- 
ming, and  on  7161  and  7162  from  the  sage- 
brush sites  in  Idaho  and  Oregon. 

Numbers  of  culms  showed  somewhat 
the  same  trend  as  culm  heights,  but  the 
variation  among  lots  was  greater  (100  per 
cent,  approximately).  At  both  stations, 
highest  culm  numbers  were  obtained  on 
lots  from  northern  Idaho,  the  main  excep- 
tion being  a  high  rank  at  Stanford  for 
no.  7169  from  a  high-elevation  site  in 
Montana.  At  Moscow,  culm  production 
seemed  great  in  relation  to  basal  foliage 
and  compared  with  material  in  the  field, 
giving  many  of  the  plants  a  "stemmy" 
appearance. 

Data  for  date  of  first  anthesis  showed 
differences  ranging  up  to  37  days  among 
lots  of  F.  idahoensis,  and  generally  earlier 
flowering  at  Stanford  than  at  Moscow. 
The  earliest  lots  at  Stanford  included 
several  from  Montana  (7167,  7170,  7166, 
7169,  7171)  and  7161  from  Dubois  in 
southern  Idaho.  The  same  lots,  in  almost 
the  same  order,  were  earliest  at  Moscow, 
along  with  7173  from  Moran,  Wyoming 
(this  did  not  survive  at  Stanford).  Latest 
flowering  at  Stanford  occurred  in  lots  7163 
from  Sisters,  Oregon,  7178  from  north- 
eastern California,  and  three  lots  from 
northern  Idaho  (7156,  7157,  and  7152). 
Similar  ranking  for  these  lots  was  found 
at  Moscow. 

Differences  in  degree  of  glaucousness 
were  marked  among  the  F.  idahoensis  lots 
with  almost  identical  ratings  at  both  sta- 
tions. Lots  low  in  this  character,  and  rated 
as  olive-green  in  color,  included  several 
from  northern  Idaho  (7152,  7156,  7158), 
nos.  7161  and  7162  from  sagebrush  sites  in 
southern  Idaho  and  Oregon,  and  7178  from 
California.  Material  high  in  the  glaucous 
character,  appearing  bluish-green,  included 


most  of  the  Montana  lots  (7166,  7167,  7168, 
7170,  7171)  and  7157  from  northern  Idaho. 

The  data  summarized  here,  together 
with  considerable  material  not  reported, 
indicate  that  Festuca  idahoensis  is  geneti- 
cally an  extremely  variable  species,  with 
marked  differences  among  populations  in 
percentage  survival,  clump  diameter,  leaf 
and  culm  heights,  culm  numbers,  phenol- 
ogy, degree  of  glaucousness,  erectness  of 
stem  and  leaf,  resistance  to  certain  diseases 
and  insects,  and  other  characters.  Although 
variation  between  populations  has  been 
stressed  in  this  report,  marked  variabilities 
within  populations  have  also  been  found. 

Great  differences  have  been  observed  in 
the  performance  at  Stanford  and  Moscow 
of  the  various  lots  of  F.  idahoensis  and  the 
other  species  in  their  capacity  for  survival 
and  growth.  F.  idahoensis  is  a  domi- 
nant in  the  climax  native  vegetation 
at  Moscow,  and  most  of  the  collections 
have  survived  and  grown  well  there.  Stan- 
ford is  outside  the  range  of  the  species 
tested,  and  the  survival  has  been  poor  and 
growth  less  than  at  Moscow.  The  one 
exception  is  the  material  designated  as 
F.  rubra  (no.  7165)  from  the  Coast  Range 
in  Oregon.  This  population,  although  ob- 
tained from  an  area  more  mesic  than  that 
under  which  most  of  the  other  collections 
occur,  has  done  well  at  Stanford.  Appar- 
ently as  a  near-coastal  plant  it  is  better  ad- 
justed to  the  seasonal  march  of  climatic 
conditions  at  Stanford  than  even  the  most 
drought-tolerant  populations  of  F.  idahoen- 
sis tested. 

Field  observations  on  this  material  will 
be  continued  in  1961.  Efforts  will  also 
be  made  to  obtain  data  on  the  cytology  of 
all  the  collections  and  on  the  breeding  be- 
havior of  a  few. 
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INTRODUCTION 

Each  June  we  pause  to  look  back  upon  emphasis  has  been  placed  on  the  role  of  the 

the  past  twelve  months,  not  just  to  enu-  adjuvant  in  eliciting  the  testicular  reaction, 

merate  our  achievements,  but  to  gain  per-  Evidence  from  studies  of  other  delayed 

spective,    to  get  bearings  by   which   our  hypersensitive    reactions,    however,    sug- 

future  course  can  be  charted.  It  is  a  time  of  gested  to  Bishop  that  the  incorporation  of 

constructive  evaluation.  antigen  into  adjuvant  might  not  be  essen- 

The  year  under  review  has  been  marked  tial  for  a   tissue  response.    When   adult 

by  more  false  starts,  more  fitful  beginnings,  guinea    pigs    were    administered    small 

and  more  modifications  of  program  than  amounts  of  testicular  homogenate  alone, 

any  year  in  the  recent  history  of  the  De-  repetitively  over  a  period  ranging  from  3 

partment.   It  has  been  a  time  of  ferment,  to  22  weeks,  severe  germinal  damage,  typi- 

True,  there   have   been   distractions   and  cal   of   the   aspermatogenic    reaction,   oc- 

interruptions,  especially  during  the  final  curred  after  about  14  weeks.  The  develop- 

stages  of  gestation  of  our  new  building,  ment  of  specific  lesions  may  be  regarded 

and  the  first  labor  pains  preparatory  to  as  comparable  to  the  production  of  dis- 

moving,  but,  beyond  that,  it  has  been  a  seminated  encephalomyelitis  in  the  mon- 

year  of  intensive  self-criticism  and  re-evalu-  key  by  injection  of  brain  tissue  without 

ation,  resulting  in  changes  in  approach  and  adjuvant. 

emphasis.  This  state  of  flux  is  not  reflected  The  ancillary  role  of  adjuvant  in  the 
in  the  Bibliography,  which  is  based  largely  production  of  aspermatogenesis  was  indi- 
on  studies  completed  a  year  ago,  but  it  has  cated  in  another  series  of  experiments  in- 
been  evident  in  discussions  and  seminars,  volving  the  injection  of  both  antigen  and 
For  that  very  reason  it  has  been  a  vital  adjuvant  but  in  separate  sites  on  the  same 
year,  a  year  of  exploration  and  probing.  dorsal  quadrant  of  the  animal.  The  degree 

But  the  labors  of  such  periods  can  be  of  germinal  damage  after  such  treatment 
described  effectively  only  after  they  have,  at  was  similar  to  that  observed  when  testicu- 
last,  borne  fruit.  Fortunately  for  the  writer,  lar  homogenate  is  incorporated  into  ad- 
several  of  the  Department's  continuing  pro-  juvant  and  the  two  are  injected  together, 
grams  can  be  assessed;  and  from  some  of  These  findings  suggest  that  the  effective- 
these  we  may  gain  a  considerable  measure  ness  of  the  sensitization  when  antigen  and 
of  satisfaction.  adjuvant  are  administered  on  the  same  side 

Important  progress  is  reported  in  several  of  the  mid-line,  in  contrast  to  the  relative 

aspects  of  David  W.  Bishop's  study  of  the  lack  of  response  when  they  are  injected 

mechanisms  of  induced  aspermatogenesis  separately  on  opposite  sides,  may  be  at- 

in  the  guinea  pig.  One  chapter  which  has  tributed  to  a  common  lymphatic  drainage 

been  concluded  successfully  relates  to  the  system  connecting  the  sites  of  injection.  If 

role  of  adjuvant  in  evoking  the  reaction,  there  is  any  interaction  between  antigen 

Readers  of  these  reports  will  recall  that  it  and  adjuvant,  it  is,  or  can  be,  effected 

was  thought  that  adjuvant  of  the  Preund-  through  the  lymph  nodes  and  need  not 

complete  type  must  be  mixed  with  testicu-  occur  at  the  site  of  injection  as  postulated 

lar  antigen  if  aspermatogenesis  was  to  be  previously. 

induced  by  a  single  or  limited  series  of  Equally  gratifying  is  the  progress  made 

intracutaneous    injections    in    the    adult  by  Mary  E.  Rawles  in  her  analysis  of  in- 

guinea   pig.     Administration    of   antigen  ductive  interactions  between  dermis  and 

alone  or  of  antigen  and  adjuvant  on  differ-  epidermis  isolated  from  prospective  feather 

ent  sides  of  the  mid-dorsal  line  generally  and  scale  regions  of  the  chick  embryo  and 

fails  to  evoke  a  germinal  response;  hence  recombined  on  the  chorioallantoic  mem- 
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brane.  Having  solved  several  troublesome 
technical  problems,  she  has  proceeded  to 
carry  out  an  extensive  program  in  which 
dermis  from  the  foot  of  embryos  ranging 
from  9  to  15  days  was  covered  with  epi- 
dermis from  the  mid-dorsum  of  embryos 
5  to  8  days  old.  Her  examination  of  these 
chimeras  has  demonstrated  progressive 
changes  with  age  in  both  the  dermis  and 
the  epidermis.  A  number  of  intriguing 
questions  are  raised  by  her  findings,  which 
are  described  and  illustrated  in  the  body 
of  the  report. 

Yoshihiro  Kato,  a  Fellow  of  Carnegie 
Institution  of  Washington,  successfully  in- 
augurated two  new  lines  of  investigation 
during  the  year.  In  continuing  his  search 
for  mechanisms  regulating  enzyme  synthe- 
sis during  embryonic  life,  he  completed 
a  detailed  study  of  the  appearance  of 
hypoxanthine  dehydrogenase  in  the  devel- 
oping chick,  emphasizing  its  dramatic  rise 
in  the  liver  after  hatching.  Postulating 
that  the  remarkable  increase  in  the  enzyme 
in  the  liver  is,  in  fact,  the  consequence  of  its 
de  novo  synthesis,  Kato  argues  that  one 
might  expect  to  find  that  other  flavin  en- 
zymes would  be  diminished,  the  flavin 
supply  being  a  limiting  factor.  To  date,  all 
his  observations  on  other  flavin  enzymes 
lend  support  to  his  argument. 

At  the  same  time  Kato's  studies  of  the 
time  of  synthesis  and  pattern  of  localiza- 
tion of  the  enzyme  lactic  dehydrogenase 
in  the  early  frog  embryo  have  revealed 
the  existence  of  an  animal-vegetal  gradient 
of  enzyme  activity  at  the  outset  of  develop- 
ment. Pursuing  the  question  further,  Kato 
has  been  able  to  advance  a  tentative  ex- 
planation for  the  shift  from  an  animal- 
vegetal  to  a  double  gradient,  in  which  a 
dorsoventral  gradient  is  superimposed  on 
the  original  gradient  during  gastrulation. 
During  the  summer  of  1961  Kato  will  com- 
plete the  second  year  of  his  appointment 
and  will  assume  a  new  position  in  the 
Biological  Institute  of  Nagoya  University. 

Two  other  Fellows,  Ikuo  Takeuchi  and 
Tom  Mori,  who  have  contributed  signifi- 
cantly  to  the  program  of  investigations, 


will  return  to  Japan  in  the  late  summer, 
1961.  Takeuchi,  like  Kato  a  Fellow  of 
Carnegie  Institution  of  Washington,  is 
completing  for  publication  an  immuno- 
chemical and  immunohistochemical  study 
of  the  appearance  of  antigenic  diversity 
in  the  cellular  slime  mold  Dictyostelium. 
His  work  will  be  continued  after  he  takes 
up  his  post  in  the  Department  of  Biology 
at  Osaka  University.  Mori,  a  Fellow  of  the 
Rockefeller  Foundation,  will  return  to  his 
position  as  Assistant  Professor  of  Anatomy 
at  Tohoku  University  in  Sendai,  having 
spent  one  year  in  the  Department.  During 
the  year,  Mori  brought  his  talents  in  the 
field  of  histochemistry  to  bear  on  the  na- 
ture of  the  polysaccharides  associated  with 
the  graft-versus-host  reaction  in  the  chick 
embryo. 

Another  Fellow  of  the  Rockefeller  Foun- 
dation, John  W.  S.  Harris,  of  the  London 
Hospital  Medical  College,  arrived  in  Janu- 
ary 1961  to  spend  a  year  in  the  Depart- 
ment. Harris,  whose  earlier  work  was  con- 
cerned with  the  mechanisms  of  closure  of 
the  secondary  palate  in  the  rat  embryo,  is 
studying  the  process  in  the  human  embryo. 
At  the  same  time,  in  consultation  with 
Elizabeth  M.  Ramsey,  he  has  begun  a  study 
of  the  vascular  pattern  of  the  human 
uterus  with  placenta  in  situ. 

Richard  J.  Goss,  Associate  Professor  of 
Biology  at  Brown  University,  spent  the 
academic  year  1960-1961  in  the  Depart- 
ment as  a  Fellow  of  Carnegie  Institution 
of  Washington.  The  principal  findings  of 
his  studies  of  factors  regulating  growth 
in  the  regenerating  kidney  and  lens  are 
summarized  below. 

Two  young  biochemists  arrived  during 
the  fall  and  winter,  1960,  to  begin  train- 
ing programs  in  developmental  biology. 
Donald  D.  Brown,  a  Special  Fellow  of  the 
United  States  Public  Health  Service,  ar- 
rived after  spending  a  year  at  the  Institut 
Pasteur;  as  might  be  expected,  he  is  launch- 
ing an  attack  on  mechanisms  of  enzyme 
regulation  in  embryos.  Gerald  L.  Carlson, 
a  recent  graduate  of  Massachusetts  Institute 
of   Technology,    a   Donner   Foundation- 
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National  Research  Council  Fellow  in  Aca- 
demic Medicine,  has  begun  a  collaborative 
study,  with  Bishop,  of  the  nature  of  the 
testicular  antigens  in  induced  aspermato- 
genesis. He  proposes,  however,  soon  to 
initiate  an  independent  study  of  the  forma- 
tion of  arginine-rich  proteins  in  spermio- 
genesis. 

Finally,  in  May  1961,  Timothy  Glover, 
Lecturer  in  Veterinary  Anatomy  at  the 
University  of  Liverpool,  arrived  to  spend 
three  months  working  with  Bishop  as  a 
Fellow  of  the  Population  Council. 

One  assistant  investigator,  Abraham  C. 
Kulangara,  completed  his  term  of  appoint- 
ment, and  the  term  of  another,  Alton  M. 
Mun,  is  drawing  to  a  close  as  this  report 
is  written.  Both  have  enjoyed  productive 
stays  in  the  Department,  Kulangara's  re- 
search being  concerned  with  the  macro- 
molecular  environment  of  the  rabbit  em- 
bryo at  implantation,  Mun's  with  the  de- 
velopment of  immune  mechanisms  in  the 
chick  embryo.  Before  returning  to  his 
homeland,  India,  Kulangara  will  spend 
one  year  at  the  Worcester  Foundation  for 
Experimental  Biology.  Mun  has  accepted 


an  appointment  as  Assistant  Professor  of 
Zoology  at  the  University  of  Maine. 

On  June  30,  1961,  Royal  F.  Ruth  com- 
pleted his  term  of  appointment  and  left  to 
assume  a  position  in  the  Department  of 
Zoology  at  the  University  of  Alberta. 

In  addition  to  the  visiting  scientists  al- 
ready named,  thirty-five  investigators  from 
fifteen  countries  shared  in  the  activities  of 
the  Department;  some  of  them  were,  of 
course,  associates  and  old  friends  of  long 
standing:  George  W.  Bartelmez,  George 
W.  Corner,  Jr.,  Anatole  S.  Dekaban,  Pieter 
A.  DeVries,  Martin  Donner,  Roger  B. 
Scott,  E.  Carl  Sensenig,  and  Lawrence  R. 
Wharton,  Jr.  Others,  like  Robert  Grant, 
have  just  begun  to  use  the  facilities  of  the 
Department,  notably  the  Collection  of  Hu- 
man Embryos.  As  in  past  years,  these  as- 
sociations have  been  enjoyable  as  well  as 
scientifically  rewarding.  It  is  difficult  to 
measure  the  value  of  any  one  aspect  of  a 
research  program  in  relation  to  the  whole, 
but  there  can  be  no  doubt  that  the  Depart- 
ment's traditional  open  door  for  visiting 
investigators  and  its  increasing  emphasis 
on  predoctoral  and  postdoctoral  training 
contribute  vitally  to  the  over-all  program. 


CELLULAR  REGULATORY  MECHANISMS 


Regulation  of  Enzyme  Synthesis 

The  regulatory  mechanisms  operating  in 
protein  synthesis  remained  a  focal  point  of 
inquiry  during  the  year.  Studies  of  en- 
zymes in  embryogenesis  have  been  con- 
tinued, several  different  viewpoints  being 
represented.  Let  us  consider  first  the  search 
for  regulatory  mechanisms  in  the  chick 
embryo. 

Flavin  Enzymes  in  the  Chic\  Embryo  and 
Hatched  Chic\ 

The  hypothetical  significance  of  enzyme 
induction  and  repression  mechanisms  in 
embryonic  development  cannot  be  denied; 
yet,  as  was  emphasized  in  Year  Book  59 
(pp.  382-389),  the  examples  advanced  thus 
far  have  not  met  the  rigorous  standards 
established  for  the  demonstration  of  such 


mechanisms  in  the  bacteria.  Having  re- 
considered the  fundamental  features  of 
these  phenomena,  Yoshihiro  Kato  has 
modified  his  approach.  It  is  known  that  in 
the  kidney  and  liver  of  the  adult  rat  the 
activities  of  a  number  of  flavin  enzymes 
can  be  decreased  markedly  by  means  of 
riboflavin  deficiency,  and  can  be  restored 
by  flavin  compounds.  These  observations 
suggest  also  that  the  changes  in  enzyme 
activities  reflect  alterations  in  the  amount 
of  enzyme  protein,  hence  the  phenomenon 
is  like  that  observed  in  enzyme  induction 
and  repression. 

The  formation  of  flavin  enzymes  in  the 
chick  embryo  is  assumed  to  be  dependent 
on  the  utilization  of  flavins  from  albumen 
or  yolk,  several  means  being  known  for 
altering  the  flavin  content  of  the  egg.  Fur- 
thermore, one  of  the  flavin  enzymes  in 
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chicken  liver,  hypoxanthine  dehydrogenase 
(xanthine  oxidase),  is  known  to  have  a  re- 
markable developmental  pattern.  "Perhaps 
the  most  striking  example  of  sudden  en- 
zyme development,"  wrote  E.  J.  Boell,  "is 
that  of  xanthine  oxidase  in  the  chick 
embryo.  Morgan  has  reported  that  the 
enzyme  is  present  in  the  liver  of  a  chick 
that  has  just  made  a  hole  in  the  shell;  it 
is  absent  in  the  liver  of  a  chick  that  has 
not  yet  made  a  hole."  These  remarkable 
observations  were  thought  to  warrant  con- 
firmation and  extension  in  the  direction 
of  the  work  carried  out  in  the  rat. 

Hypoxanthine  dehydrogenase  activities 
were  determined  on  supernatant  fluids  of 
centrifuged  homogenates  by  following  the 
rate  of  reduction  of  diphosphopyridine 
nucleotide  (DPN)  spectrophotometrically. 
The  principle  of  enzyme  assay  is  based 
on  Morell's  finding  that,  in  the  liver  of 
the  adult  fowl,  uric  acid  synthesis  is  associ- 
ated with  DPN  reduction.  The  validity 
of  the  present  method  was  checked  by  di- 
rect determinations  of  uric  acid  using 
1-week-old  chicken  kidney  and  liver. 

Hypoxanthine  dehydrogenase  activities 
(expressed  on  a  wet-weight  basis)  were 
followed  in  the  livers  of  embryos  and 
adults  from  10  days  of  incubation  to  3- 
month-old  chickens.  The  results  obtained 
on  approximately  300  individuals  may  be 
summarized  as  follows.  (1)  A  slight  but 
definite  enzyme  activity  is  present  through- 
out the  embryonic  period.  (2)  During  the 
process  of  hatching,  the  enzyme  activity 
remains  at  the  constant  low  embryonic 
level,  but  it  begins  to  increase  rapidly  be- 
tween 4  and  6  hours  after  hatching.  (3) 
At  3  days  after  hatching,  the  enzyme  ac- 
tivity reaches  the  maximal  level,  repre- 
senting a  50-  to  80-fold  increase  from  the 
embryonic  level.  The  maximal  activity  is 
retained  for  several  days,  after  which  it  be- 
gins to  decrease  gradually  until  it  reaches 
the  value  observed  in  the  3-month-old 
chicken  liver  (10-  to  20-fold  compared  with 
the  embryonic  level) . 

These  findings  show  that  Morgan's  re- 
markable observation  made  more  than  30 


years  ago  is  fundamentally  correct.  The 
minor  discrepancies  are  due  largely  to  im- 
provements in  the  present  investigation  in 
(a)  increased  accuracy  and  sensitivity  of 
the  enzyme  assay,  (b)  the  use  of  larger 
numbers  of  animals  because  of  large  varia- 
tions from  individual  to  individual,  and 
(r )  greater  precision  in  defining  hatching 
under  controlled  conditions. 

Hypoxanthine  dehydrogenase  activities 
were  determined  on  a  number  of  other 
organs  taken  from  18-day  embryos,  newly 
hatched,  3-day-old,  and  7-day-old  chickens. 
The  tendency  toward  an  increase  in  en- 
zyme activity  after  hatching  was  noted 
in  all  organs  examined  except  blood.  How- 
ever, in  organs  other  than  liver  the  largest 
relative  increase  in  activity  was  only  several 
fold,  and  the  maximal  specific  activity  at- 
tained by  any  other  organ  was  far  lower 
than  that  of  the  liver.  The  calculations 
show  that,  in  the  3-day-old  chick,  the  liver 
contains  more  than  40  per  cent  of  the  total 
enzyme  activity  of  the  whole  chick, 
whereas  at  the  time  of  hatching  the  total 
activity  in  liver  is  less  than  1  per  cent  of 
that  of  the  whole  chick. 

Uric  acid  is  a  major  excretory  product  in 
the  fowl,  and  hypoxanthine  dehydrogenase 
is  a  key  enzyme  in  uric  acid  synthesis. 
When  the  daily  increase  in  total  hypoxan- 
thine dehydrogenase  activities  of  whole 
embryos  was  compared  with  the  daily  out- 
put of  uric  acid  in  the  allantoic  fluid  re- 
ported by  other  investigators,  there  was  a 
clear  correlation  in  all  embryos  examined 
between  3  days  and  13  days  of  incubation. 
It  seems  probable  that  the  rapid  increase 
in  hepatic  hypoxanthine  dehydrogenase  ac- 
tivity after  hatching  is  related  to  the  abrupt 
shift  in  the  formation  of  nitrogenous 
excretory  compounds  from  the  embryonic 
to  the  adult  pattern. 

A  number  of  attempts  to  define  further 
the  factors  regulating  the  rapid  increase  in 
the  activity  of  this  enzyme  in  the  liver 
have  not  brought  forth  a  clear-cut  answer; 
these  efforts  are  being  continued.  One  way 
of  looking  at  the  problem  is  the  following : 
If  the  dramatic  increase  in  the  activity  of 
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hypoxanthine  dehydrogenase  in  the  liver  study  of  regulatory  systems  in  embryonic 
were  due  to  the  de  novo  synthesis  of  the  metabolism  and  the  molecular  environ- 
enzyme,  and  if  the  major  part  of  the  flavin  ment  that  determines  tissue  specificity, 
supply  were  involved  in  its  formation,  it  The  initial  project  undertaken  was  the 
might  not  be  too  farfetched  to  expect  that  injection  of  purified  bacterial  nucleic  acids 
the  formation  of  other  flavin  enzymes  into  eggs  and  early  embryos  of  the  frog, 
would  be  reduced  as  a  result  of  competitive  Rana  pipiens,  under  a  variety  of  conditions, 
interaction  for  the  flavin  supply.  Following  incubation  the  cells  were 
A  preliminary  study  of  several  other  homogenized  and  assayed  for  (3-galactosi- 
flavin  enzymes  has  revealed  that  D-amino  dase,  an  enzyme  present  in  only  trace 
acid  oxidase  formation  is  reduced,  in  agree-  amounts  in  the  amphibian  egg  and  embryo, 
ment  with  this  argument.  When  D-amino  The  nucleic  acids  were  derived  from  a 
acid  oxidase  activity  was  determined  (by  strain  of  Escherichia  coli  which  synthesizes 
the  method  of  Robins  and  his  associates)  this  enzyme  at  a  very  high  rate.  As  a  con- 
in  the  liver  and  the  metanephros  of  chicks  trol,  nucleic  acids  were  isolated  from  a 
ranging  from  10  days  of  incubation  to  3  strain  of  E.  coli  genetically  incapable  of 
weeks  after  hatching,  the  activity  in  the  forming  3-galactosidase.  The  injection  of 
two  organs  -increased  at  a  similar  rate,  deoxyribonucleic  acid  (DNA),  ribonucleic 
starting  with  similar  specific  activities,  up  acid  (RNA),  and  ribosomes  singly  or  in 
to  hatching.  Thereafter  the  divergence  in  combination  failed  to  result  in  the  synthesis 
both  organs  was  distinct:  a  sudden  de-  of  3-galactosidase.  Similar  experiments  are 
crease  in  the  liver,  and  a  continuous  in-  envisaged  using  other  organisms, 
crease  in  the  kidney.  Thus  the  consequence  In  bacteria  there  are  now  three  well 
is  the  definitive  adult  pattern  for  this  en-  established  mechanisms  of  metabolic  con- 
zyme :  high  activity  in  the  kidney,  and  a  trol :  enzyme  induction,  enzyme  repression, 
low  level  of  activity  in  the  liver.  The  de-  and  feedback  inhibition  of  enzyme  activity, 
cline  occurred  only  in  the  liver  at  the  The  extent  to  which  any  of  these  may  play 
time  when  the  hypoxanthine  dehydrogen-  a  part  in  embryogenesis  or,  in  fact,  in 
ase  activity  showed  a  dramatic  increase,  adult  animal  metabolism  is  unknown.  The 
Furthermore,  starvation  after  hatching  did  first  of  these  mechanisms,  enzyme  indue- 
not  change  the  level  of  hypoxanthine  de-  tion,  has  received  the  most  attention  in 
hydrogenase  activity,  but  severely  de-  animal  systems  and  has  been  remarkably 
creased  D-amino  acid  oxidase  activity  in  unrewarding.  There  are,  however,  several 
both  liver  and  kidney,  suggesting  that  a  examples  of  enzyme  repression  in  animals 
more  unstable  mechanism  may  be  responsi-  as  well  as  suggestions  that  feedback  inhibi- 
ble  for  D-amino  acid  oxidase  development  tion  may  also  play  a  role  in  multicellular 
than  for  that  of  hypoxanthine  dehydrogen-  organisms.  The  metabolism  of  carbamyl 
ase.  Experiments  have  been  initiated  to  ex-  phosphate  demonstrates  a  unique  dilemma 
amine  changes  in  other  flavin  enzymes  and  °*  tne  *r°g* 

in  riboflavin  and  its  derivatives.  The  central  intermediate  carbamyl  phos- 
phate is  a  substrate  for  two  major  path- 

Attempts  to  Demonstrate  Metabolic  Regu-  ways:  the  urea  cycle  and  the  synthesis  of 

lotion   in   the  Frog  Embryo  pyrimidines  via  aspartic  acid,  ureidosuc- 

cinic  acid,  dihydroorotic  acid,  and  orotic 

During  the  past  9  months,  various  proj-  acid, 

ects  have  been  begun   (and  some  termi-  P.  P.  Cohen  and  his  collaborators  have 

nated)  by  Donald  D.  Brown,  the  object  demonstrated  that  the  enzymes  of  the  urea 

being  the  elucidation  of  the  mechanism  cycle  (including  carbamyl  phosphate  syn- 

of  sequential  gene  expression  on  a  molecu-  thetase)   arise  at  metamorphosis  and  are 

lar  basis.  Encompassed  in  this  goal  is  the  largely  (perhaps  entirely)  restricted  to  the 
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liver.  Indirect  evidence  from  early  ex- 
periments of  S.  Cohen  implied  that  the 
pyrimidine-synthesizing  sequence  of  en- 
zymes was  present  in  the  unfertilized  egg 
and  throughout  the  early  stages  of  develop- 
ment. S.  Cohen  incubated  HCO~3-C14 
with  eggs  and  early  embryos  and  then  iso- 
lated and  identified  the  radioactive  me- 
tabolites. He  found  exceptionally  high  ac- 
tivity in  pyrimidines  and  their  precursors, 
suggesting  the  presence  of  these  enzymes. 
Three  enzymes  have  now  been  demon- 
strated in  the  unfertilized  egg  and  have 
been  studied  in  some  detail.  The  central 
question  is  how  frog  liver  distributes 
carbamyl  phosphate  to  the  two  pathways 
after  metamorphosis.  In  bacteria,  Pardee 
and  his  co-workers  have  demonstrated  that 
the  three  enzymes  are  repressed  by  uracil. 
Furthermore,  the  first  enzyme  is  inhibited 
by  end  products  of  the  metabolic  sequence. 
Although  repression  has  not  yet  been 
studied,  that  enzyme,  whether  obtained 
from  adult  frog  liver  or  the  unfertilized 
eggy  is  not  inhibited  by  products  active  in 
the  bacterial  system.  The  detailed  inter- 
action of  these  two  systems  is  under  in- 
vestigation. 

Deoxyribonucleases  in  the  Developing 
Frog 

John  R.  Coleman  has  determined  de- 
oxyribonuclease  (DNase)  activities  during 
the  development  of  the  frog,  Rana  pipiens. 
Among  higher  forms,  mammals  being 
most  widely  studied,  DNases  fall  into  two 
categories  designated  DNase  I  and  DNase 
II,  which  are  distinguished  by  the  follow- 
ing characteristics:  DNase  I  usually  ex- 
hibits a  pH  optimum  near  neutrality,  re- 
quires divalent  cations  for  full  activity  but 
is  very  sensitive  to  change  in  ionic  strength, 
and  liberates  oligonucleotides  with  the 
terminal  phosphate  in  the  5'  position  of  the 
deoxyribose.  DNase  II  has  its  optimum 
near  pH  5,  is  inhibited  by  divalent  cations 
but  requires  an  ionic  strength  of  about 
0.2  for  full  activity,  and  liberates  oligo- 
nucleotides with  the  terminal  phosphate  in 


the  3'  position.  Although  DNase  I  can  be 
found  in  various  tissues,  it  occurs  in  highest 
activity  in  the  pancreas,  from  which  it  is 
probably  liberated  into  the  duodenum  as 
a  digestive  enzyme.  Cell  fractionation 
studies  have  shown  that  DNase  I  activity 
is  associated  primarily  with  the  heavy 
mitochondria.  DNase  II  is  a  widely  dis- 
tributed enzyme  found  in  most,  if  not  all, 
tissues,  with  notable  quantities  in  intestine, 
liver,  and  spleen.  In  liver,  DNase  II  is  con- 
centrated in  the  light  mitochondrial  frac- 
tion (lysosomes)  along  with  other  enzymes 
having  acid  pH  optima,  such  as  acid  phos- 
phatase and  acid  ribonuclease,  and  is  gen- 
erally considered  to  have  a  catabolic  func- 
tion. 

Previous  reports  on  the  development  of 
nucleases  by  Finamore  and  Blumenthal 
were  contradictory.  Finamore  reported  a 
low  but  fluctuating  DNase  I  activity  in 
the  early  frog  embryo,  whereas  Blumenthal 
could  detect  neither  DNase  I  nor  II  in 
embryonic  or  larval  tissues.  These  papers 
raised  several  questions  of  interest  to  the 
developmental  biologist :  If  DNases  are  not 
present  in  the  early  embryo,  when  do  they 
appear  ?  Coincident  with  their  appearance, 
can  they  be  correlated  with  a  specific  func- 
tional activity?  Can  the  activity  of  either 
be  regulated  by  experimental  manipula- 
tion? Is  their  appearance  due  to  the  syn- 
thesis of  new  enzyme  protein,  or  ic  it  due 
to  activation  of  pre-existing  enzymatically 
inactive   protein  molecules? 

Enzyme  activity  was  assayed  by  deter- 
mination at  260  m(j  of  progressively  in- 
creasing perchloric  acid-soluble  products 
resulting  from  degradation  of  DNA  dur- 
ing incubation  with  homogenates  at  27  °C. 
Both  enzymes  were  found  in  adult  tissues 
and  in  tadpoles,  but  were  very  low  or 
absent  in  early  embryonic  stages.  Both 
exhibit  characteristics  typical  of  more  com- 
monly studied  DNases,  except  that  frog 
DNase  I  has  the  exceptionally  alkaline  pYL 
optimum  of  approximately  8.7.  After 
optimal  conditions  for  both  types  of  en- 
zyme had  been  determined,  a  study  of  their 
development  was  launched.  Starting  with 
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unfertilized  eggs,  enzyme  determinations 
were  made  at  daily  intervals  until  both 
types  of  activity  had  risen  to  significant 
levels.  DNase  I  was  assayed  in  0.025  M 
tris  buffer,  pH  8.7,  supplemented  with 
0.005  M  Mg++;  DNase  II  was  assayed  in 
0.3  M  acetate  buffer,  pH  4.9.  Appropriate 
homogenate  and  substrate  controls  were 
included  in  each  determination,  as  well 
as  one  flask  in  which  DNase  I  was  in- 
hibited by  0.01  M  EDTA,  and  another  in 
which  DNase  II  was  inhibited  by  0.1  M 
MgSCX.  Protein  determinations  were  car- 
ried out  at  all  stages,  but  results  can  be 
expressed  also  on  a  per  embryo  basis  for 
earlier  stages,  or  per  milligram  wet  weight 
for  tadpoles  and  adult  tissues. 

By  the  method  employed,  DNase  I  ac- 
tivity is  not  detectable  in  the  egg  or  in 
early  embryonic  stages.  At  about  the  time 
the  opercular  fold  begins  to  appear  (Shum- 
way  stage  23),  a  trace  of  activity  may  be 
present  which  increases  through  stage  24. 
As  the  operculum  nears  completion  (stage 
25),  activity  suddenly  increases  approxi- 
mately 15-fold  in  2  days,  then  levels  off 
to  a  more  gradual  rate  of  increase. 

DNase  II  shows  a  different  pattern.  A 
trace  of  activity  seems  to  be  present  in  the 
unfertilized  egg;  it  appears  to  decrease 
slightly  through  gastrulation.  Upon  neural- 
tube  formation  it  begins  to  increase,  ap- 
proximately doubling  daily  until  the 
opercular  fold  begins  to  cover  the  gills 
(stage  24).  At  this  time  the  activity  tends 
to  level  off  and  increase  very  gradually 
for  3  days  while  the  DNase  I  passes 
through  the  rapid  phase  of  its  appearance. 
One  day  after  the  onset  of  feeding  (stage 
25),  DNase  II  activity  begins  to  increase 
more  rapidly  again.  Hence  the  two  types 
of  nuclease  activity  tend  to  show  quite 
distinct  patterns  of  development. 

Can  these  patterns  be  correlated  with 
any  sort  of  functional  activity  on  the  part 
of  the  organism?  Since  the  increase  in 
DNase  I  activity  coincides  with  the  onset 
of  intestinal  activity,  it  seemed  possible  that 
its  distribution  within  the  tadpole  might  be 


limited  to  the  digestive  tract.  Dissection 
of  16-mm  tadpoles  (stage  25+),  followed 
by  enzyme  assays  of  component  parts, 
showed  that  all  the  DNase  I  activity  ob- 
served in  the  whole  tadpole  is  associated 
with  the  digestive  tract,  and  that  most,  if 
not  all,  of  it  is  restricted  to  the  pancreas. 
In  the  same  group  of  tadpoles,  DNase  II 
is  not  limited  comparably  in  distribution. 
In  Rana  pipiens,  the  first  pancreatic  bud  is 
reported  to  appear  at  about  stage  23,  pre- 
cisely the  stage  when  the  first  trace  of 
DNase  I  activity  appears.  Specimens  have 
been  retained  from  the  studies  described 
above  for  histological  examination  in  an 
effort  to  determine  how  closely  morpho- 
logical development  of  the  pancreas  coin- 
cides with  biochemical  detectability  of 
DNase  I. 

Correlation  with  function  is  not  so  direct 
for  DNase  II.  As  was  mentioned  above, 
DNase  II  is  associated  primarily  with 
lysosomes  and  is  thought  to  be  concerned 
more  with  moribund  processes  than  with 
digestive  or  synthetic  functions.  In  this 
respect  it  is  suggestive  that  its  initial  in- 
crease in  the  neural-tube  stage  is  approxi- 
mately coincident  with  the  first  occurrence 
of  cell  death  in  embryonic  development. 
Activity  is  too  low  at  this  time  to  permit 
localization  by  dissection  as  was  done  with 
DNase  I.  In  later  stages,  when  dissection 
is  possible,  activity  appears  to  be  wide- 
spread rather  than  restricted  to  any  one 
region  of  the  tadpole.  Approaching  the 
problem  from  the  opposite  direction  may 
be  more  feasible:  can  tissues  undergoing 
extensive  degeneration  as  a  part  of  normal 
development  be  shown  to  have  high 
DNase  II  activity?  Preliminary  experi- 
ments indicate  that  at  metamorphosis  a 
tadpole  tail  which  is  being  resorbed  has 
approximately  20  times  the  DNase  II  ac- 
tivity of  a  nonresorbing  tail  on  a  wet- 
weight  basis.  Furthermore,  at  the  begin- 
ning of  resorption  the  tail  shows  a  gradi- 
ent of  activity,  the  highest  region  being 
the  base  of  the  tail,  where  degenerative 
processes  are  most  active.  DNase  I  has  not 


402 


CARNEGIE  INSTITUTION  OF  WASHINGTON 


been  detected  in  either  metamorphosing 
or  nonmetamorphosing  tails.  Further  ex- 
periments are  being  planned  to  investigate 
the  pattern  of  DNase  II  increase  during 
metamorphosis,  and  to  determine  whether 
all  tissues  show  heightened  activity,  or  only 
those  undergoing  extensive  resorption  or 
reorganization. 

Concerning  the  questions  raised  earlier 
in  this  report,  it  would  be  of  interest  to 
know  whether  the  level  of  DNase  I  activity 
can  be  regulated  by  feeding  and,  if  so,  what 
degree  of  substrate  specificity  can  be 
demonstrated  to  have  a  part  in  such  regula- 
tion. For  example,  does  the  initial  increase 
of  DNase  I  at  stage  25  depend  on  feeding 
or  only  coincide  with  it?  Would  this 
increase  occur  if  tadpoles  were  fed  a  diet 
deficient  in  nucleic  acids?  Do  meta- 
morphosing tadpoles,  being  nonfeeding, 
maintain  a  constant  level  of  activity,  or 
does  it  decrease? 

Increases  in  enzyme  activities  in  em- 
bryos are  usually  complicated  by  the  dif- 
ficulty of  discerning  enzyme  synthesis  de 
novo  from  activation  of  pre-existing  en- 
zyme protein.  DNase  II  presents  this 
dilemma  in  a  classically  unapproachable 
manner,  since  it  appears  at  the  tail-bud 
stage  when  the  embryo  is  completely  de- 
pendent on  yolk  utilization.  On  the  other 
hand,  it  may  be  possible  to  circumvent 
this  difficulty  in  the  case  of  DNase  I, 
which  appears  at  about  the  time  the  yolk 
supply  is  exhausted.  Since  the  phase  of 
rapid  increase  of  this  activity  coincides 
with  feeding,  it  may  be  possible  to  dis- 
tinguish synthesis  from  activation  by 
means  of  radioactive  tracers  in  the  diet. 

The  deoxyribonucleases  present  a  strik- 
ing example  of  two  enzymes  that  attack 
the  same  substrate,  albeit  with  different 
bond  specificities,  yet  show  striking  differ- 
ences in  the  patterns  of  their  development. 
At  present,  speculation  on  the  extent  to 
which  such  patterns  may  reflect  differential 
gene  activity  during  development  is  prob- 
ably unwarranted. 


A     Gradient    of    Lactic    Dehydrogenase 
Activity  in   the  Early  Frog  Embryo 

In  recent  years  little  attention  has  been 
paid  to  the  difficult  question  of  gradients 
in  developing  amphibian  embryos,  despite 
their  possible  significance.  Jean  Brachet 
wrote,  "The  initial  animal-vegetal  polarity 
is  also  very  important  in  the  development 
of  amphibian  eggs.  Modification  of  the 
animal-vegetal  gradient  by  such  experi- 
mental interventions  as  centrifugation, 
turning  the  egg  upside  down,  removal  of 
blastomeres,  etc.,  has  far-reaching  conse- 
quences on  morphogenesis,  such  as  produc- 
tion of  microcephalic  embryos  or  twins, 
for  instance." 

In  continuing  the  study  described  in 
Year  Book  59,  Yoshihiro  Kato  found  it 
necessary  to  obtain  detailed  information 
on  the  development  of  lactic  dehydrogen- 
ase (LDH)  activity  in  the  early  Rana 
pipiens  embryo.  LDH  is  a  specific  protein 
having  specific  metabolic  functions;  more- 
over, its  association  with  cellular  particu- 
lates is  well  known. 

LDH  activity  was  determined  by  the 
microspectrophotometric  method  of  Robins 
and  his  co-workers.  The  assay  is  so  sensi- 
tive that  less  than  one-thousandth  of  a 
single  frog's  egg  is  required.  The  enzyme 
activities  were  expressed  either  on  the  basis 
of  total  protein  or  the  nonyolk  cytoplasm 
protein  (the  extractable  fraction  of  Gregg 
L0vtrup).  All  stages  from  the  unferti- 
lized egg  (stage  1)  to  the  early  gastrula 
(stage  10)  were  examined.  The  jelly  and 
the  vitelline  membrane  were  removed  by 
Steinberg's  procedure. 

The  experiments  embrace  15  different 
series,  with  at  least  12  determinations  in 
each  series;  eggs  taken  in  the  various  de- 
velopmental stages  were  dissected  into 
fragments  according  to  the  plan  of  a  par- 
ticular experiment,  and  the  LDH  activity 
of  each  fragment  was  determined. 

In  the  first  group  of  experiments,  LDH 
was  determined  in  fragments  taken  from 
eggs  at  unfertilized,  fertilized  (gray  cres- 
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cent  stage),  4-cell,  8-cell,  mid-cleavage,  late 
blastula,  and  early  gastrula  stages.  In  brief, 
the  following  conclusions  have  been 
reached.  (1)  In  unfertilized  eggs,  a  single 
gradient  of  LDH  activity  (both  on  the 
total  and  nonyolk  cytoplasm  protein  bases) 
decreases  from  the  animal  to  the  vegetal 
pole;  no  dorsoventral  gradient  is  noted. 
(2)  Such  a  single  animal-vegetal  gradient, 
the  axis  of  which  coincides  with  the  ani- 
mal-vegetal axis  of  the  unfertilized  egg, 
remains  intact  during  cleavage.  (3)  How- 
ever, a  secondary  dorsoventral  gradient  is 
superimposed  upon  the  animal-vegetal 
gradient  in  the  late  blastula  and  the  early 
gastrula.  The  method  of  dissecting  the 
fragments  in  the  latter  stages  was  that  used 
by  Sze,  the  prospective  fate  of  each  frag- 
ment having  been  given  by  Barth  and 
Barth.  In  the  late  blastula  and  early 
gastrula,  LDH  activity  is  highest  in  region 
2  (neural  plate),  decreasing  progressively 
as  follows:  3  (epidermis);  1  (notochord) ; 
4  (epidermis  and  mesoderm);  D  (dorsal 
endoderm) ;  V  (ventral  endoderm) .  Thus 
the  gradient  in  LDH  activity  is  essentially 
identical  with  the  gradients  for  other  bio- 
chemical variables  (e.g.,  RNA)  as  revealed 
by  other  investigators  using  histochemical 
techniques. 

An  important  feature  in  the  present 
study  is  the  finding  that  regional  differ- 
ences in  enzyme  activity  in  the  early 
gastrula  are  brought  about  without  a 
change  in  the  total  enzyme  activities  (per 
embryo,  total  protein,  nonyolk  cytoplasm 
protein  bases)  from  the  unfertilized  egg 
to  the  early  gastrula  stage.  This  observa- 
tion makes  the  prevailing  idea  that  the 
enzyme  is  newly  formed  in  the  dorsal  re- 
gions difficult,  unless  we  accept  the  un- 
likely possibility  that  a  simultaneous  de- 
struction of  LDH  takes  place  in  the  ventral 
region  in  exactly  the  same  amount  as  is 
synthesized  in  the  dorsal  region. 

In  another  group  of  experiments,  an 
attempt  was  made  to  find  support  for  an 
alternative  interpretation.  It  was  found 
that  the  LDH  gradient  patterns  in  two 


different  embryonic  stages,  mid-cleavage 
and  early  gastrula,  can  be  mimicked  at  will 
in  fertilized  eggs  at  the  time  of  appearance 
of  the  gray  crescent,  which  as  we  have 
seen  apparently  have  only  a  single  animal- 
vegetal  gradient  of  LDH.  When  frag- 
ments were  dissected  using  the  original 
animal-vegetal  axis  of  the  unfertilized  egg 
as  a  reference,  the  single  animal-vegetal 
gradient  of  LDH  in  the  mid-cleavage  stage 
was  observed,  as  expected;  but  when  the 
reference  axis  was  shifted  toward  the  ven- 
tral side,  with  an  angle  of  about  20  degrees, 
the  outcome  was  the  pattern  found  in  the 
late  blastula  and  the  early  gastrula — a 
superimposed  dorsoventral  gradient. 

Taking  these  findings  together  with  re- 
sults obtained  from  other  experiments 
along  similar  lines,  Kato  advances  the  pos- 
sibility that  the  appearance  of  the  double 
gradient  pattern  of  LDH  in  the  early 
gastrula  can  be  understood  if  it  is  assumed 

(1)  that  the  basic  pattern  of  the  animal- 
vegetal  gradient  in  the  unfertilized  egg 
is  maintained  up  to  the  early  gastrula,  and 

(2)  that  a  phenomenon  analogous  to  the 
shift  of  the  original  animal-vegetal  axis 
of  the  unfertilized  egg  toward  the  ventral 
side  takes  place  during  the  course  of  blasto- 
coel  formation.  The  first  assumption  is 
verified  by  the  observations  on  the  develop- 
ment of  LDH  gradients  in  normal  em- 
bryos. As  for  the  second,  it  is  well  known 
that  a  shift  of  the  animal-vegetal  axis  to- 
ward the  ventral  side  occurs  at  the  time 
of  gray  crescent  formation  ("rotation  of 
symmetrization,"  Ancel  and  Vintem- 
berger) . 

Although  admittedly  the  study  is  still 
in  its  infancy,  it  raises  several  points  of 
embryological  interest,  among  them:  (1) 
It  offers  a  common  ground  for  the  inter- 
pretation of  mechanisms  of  occurrence  of 
regional  differences  in  biochemical  varia- 
bles (e.g.,  RNA,  respiration)  which  are 
known  to  have  patterns  identical  with 
those  of  LDH.  (2)  As  Brachet  pointed 
out,  the  importance  of  the  animal-vegetal 
gradient  in  early  development  is  far-reach- 


404         CARNEGIE  INSTITUTION  OF  WASHINGTON 


ing;    perhaps   the   phenomenon   is   more  of  embryonic  spleen  are  not  effective,  or 

easily  understood  when  viewed  in  the  light  are    only    slightly    effective,    in    evoking 

of  the  present  findings  which  relate  the  splenic  enlargement;  they  are  not  known 

double  gradient  to  a  single  animal-vegetal  to     produce     graft-versus-host     reactions. 

gradient  in  the  egg.  However,  if  cells  leave  embryonic  grafts  to 

populate  their  hosts'  spleens,  it  should  be 

Regulation   of  Antibody  Synthesis  possible  to  propagate  them  serially,  by  re- 

peated  grafting.    Moreover,  initially  they 

Homograft  Reactions  in  Embryos:    Fro-  should  exeft  nQ  deleterious  eflfect  on  the 

gressive  Differentiation  of  Immunological  host;  hence  repeated   trans£er  should  be 

Competence  in  Cells  Maintained  in  an  accompiisned  readiiy.  Theoretically,  these 

Embryonic  Environment  cells  should  eventually  attain  immUnologi- 

Over  the  past  three  years,  evidence  ad-  cal  maturity,  unless  their  repeated  exposure 
vanced  by  L.  E.  DeLanney,  J.  D.  Ebert,  to  an  embryonic  environment  has  modi- 
and  their  co-workers  has  required  a  search-  fied  them.  If  they  matured,  an  increase  in 
ing  reappraisal  of  the  older  generalizations  weight  of  the  host's  spleen  would  even- 
that  embryos  are  incapable  of  immune  re-  tually  follow  repeated  serial  grafting  of 
actions,  and  that  the  internal  environment  embryonic  spleen,  starting  with  spleen 
of  embryos  and  newborn  animals  is  un-  from  a  14-day-old  embryonic  chick, 
favorable  for  immune  reactions.  It  is  sug-  These  experiments  have  been  completed 
gested,  in  fact,  that  the  maturation  of  the  by  A.  M.  Mun,  James  Errico,  a  student  at 
environment  supporting  an  immune  re-  the  Johns  Hopkins  Medical  School,  and 
action  and  the  differentiation  of  immuno-  J.  D.  Ebert,  with  the  assistance  of  Thomas 
logically  competent  cells  are  separate,  but  Garnett  and  Barbara  Trimmier.  Only  a 
interconnected,  processes  which  mature  at  few  words  need  to  be  said  about  technique. 
different  rates;  and  that  these  rates  may  The  method  of  chorioallantoic  grafting 
differ  in  different  species.  was  used,  fragments  of  spleen  being  placed 

The  graft-versus-host  reaction  has  pro-  on  the  membranes  of  10-day-old  hosts.  The 

vided  unequivocal  evidence  that,  beginning  eggs    were    incubated    for    an    additional 

as  early  as  the  fourth  day  of  development,  week,  at  which  time  the  embryos  were  re- 

the  chick  embryo  provides  an  environment  covered  and  the  weights  of  spleens  de- 

favorable  for  at  least  one  class  of  immune  termined. 

reactions,  those  of  transplantation  im-  The  repeated  serial  grafting  of  em- 
munity.  Competent  cells  retain  their  bryonic  spleen  to  the  chorioallantoic  mem- 
competence  in  the  embryonic  environment,  brane  of  10-day-old  chick  embryos  de- 
But  would  incompetent  embryonic  spleen  scribed  in  Year  Book  59  resulted  in  a  sig- 
cells  that  were  maintained  in  an  embryonic  nificant  increase  in  the  mean  weight  of  the 
environment  for  long  periods  of  time  ever  hosts'  spleens  by  the  8th  weekly  serial 
reach  a  stage  of  functional  maturity?  This  transfer.  This  experiment  has  been  re- 
question  was  raised  in  Year  Book  59  (pp.  peated,  being  extended  over  a  12-week 
400-402),   and,   tentatively,   answered   af-  period  (fig.  1). 

firmatively.  Now  it  is  possible  to  reaffirm  Several  groups  of  embryos  were  studied, 

that  tentative  conclusion.  among  them  the  following: 

It  will  be  recalled  that  the  graft-versus-  In  group  I,  pieces  of  spleen  from  suc- 

host  reaction  has  been  transferred  serially  cessively  older  embryos  and  hatched  chicks 

through    several    transplant    generations,  were  grafted  to  the  chorioallantois  of  10- 

using   both    intracoelomic    and    chorioal-  day-old  chick  embryos  at  weekly  intervals, 

lantoic  grafting  techniques.    Others  have  After  7  additional  days  of  incubation,  the 

reported   serial   transfer   following   intra-  hosts'  spleens  were  removed  and  weighed 

venous  inoculation  of  spleen  cells.   Grafts  to  the  nearest  0.2  mg. 


DEPARTMENT  OF  EMBRYOLOGY 


405 


In  group  II,  a  piece  of  14-day-old  embryo 
spleen  was  placed  on  the  membrane  of  a 
10-day-old  host  embryo.  After  7  additional 
days  of  incubation,  the  host's  spleen  was 
removed,  weighed,  and  transferred  to  the 
membrane  of  another  10-day  embryo.  This 
procedure  was  repeated  for  11  weeks.  The 
donor  spleens  were  not  pooled  but  were 
kept  separate.    Thus,  for  each  of  the  20 


spleen  grafts  from  successively  older  em- 
bryos and  hatched  chicks  produce  progres- 
sively greater  enlargement  of  the  recipi- 
ents' spleens.  A  significant  enlargement  is 
produced  by  grafts  of  spleen  from  the  3- 
week-old  hatched  chick. 

In  the  second  or  serial  group,  after  a 
lag  of  6  to  7  weeks  a  distinct  increase  is 
observed  in  the  mean  weights  of  the  hosts' 
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Fig.  1.    Serial  grafting  of  homologous  embryonic  spleen. 


12 
WEEKS 


initial  donors  20  separate  lines  can  be  fol- 
lowed. 

In  group  III,  14-  to  17-day-old  embryo 
spleens  were  placed  on  the  membranes  of 
10-day  host  embryos  at  weekly  intervals. 
After  7  additional  days  of  incubacion  the 
host's  spleens  were  removed  and  weighed. 

Since  the  results  of  this  experiment  agree 
with  the  earlier  findings,  the  data  have 
been  pooled.  As  may  be  seen  in  figure  2, 


spleens.  The  differences  in  mean  weights 
between  the  serial  group  and  the  third 
control  group  even  at  the  peak  of  8  weeks 
are  significant  only  at  the  5  per  cent  level. 
It  is  instructive,  therefore,  to  follow  the 
changes  in  spleen  weights  of  successive 
hosts  in  each  of  the  individual  lines  in  the 
serial  group  (fig.  3). 

Of  30  initial  donors,  14  were  transferred 
successfully  for  8  to  12  weeks.   Figure  3 
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shows  segments  of  9  of  these  14  surviving 
lines.  The  data  for  the  initial  lag  period 
are  omitted  for  simplification.  In  4  lines, 
after  a  lag  of  7  to  8  weeks,  there  is  a  definite 
progressive  increase  in  the  weights  of  the 
hosts'  spleens.  Five  other  lines  show  this 
increase  to  a  lesser  extent,  and  4  lines  do 
not  show  any  change  in  weight  of  the 
hosts'  spleens.  The  individual  weights  of 
many  of  the  hosts'  spleens  at  the  peak  of 


derived  from  the  primary  donor.  Such  evi- 
dence was  sought  using  embryos  from  two 
highly  inbred  lines  of  chickens. 

In  one  group,  the  primary  donor  was 
an  embryo  from  one  inbred  line,  the  grafts 
being  made  serially  in  embryos  of  the 
second  inbred  line. 

In  the  second  group,  spleen  from  a  pri- 
mary donor  embryo  of  a  given  inbred  line 
was  transferred  serially  in  embryos  of  the 
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Fig.  2.    Splenomegaly  after  serial  grafting  of  homologous  embryonic  spleen. 


the  reaction  deviate  greatly  from  the  distri- 
bution of  the  controls  (group  III) . 

The  data  show  that  in  4  out  of  14  lines 
the  effects  are  cumulative;  i.e.,  an  increase 
in  the  spleen  weight  occurs  with  each 
successive  transfer.  We  may  interpret  these 
observations  as  indicating  that,  at  least  in 
these  4  lines,  cells  are  transferred  from  the 
donor  to  the  host's  spleen.  In  the  absence 
of  some  unmistakable  marker,  however, 
we  cannot  say  positively  that  the  cells  are 


same  line.   We  may  diagram  the  experi- 
ments  as   follows : 

1.  A    B    B    B    B    B 

2.  B    B    B    B    B    B 

If  after  several  serial  transfers  an  in- 
crease in  the  weights  of  the  hosts'  spleens 
occurs  in  group  1  but  not  in  the  second 
group  (2)  we  may  conclude  that  cells  from 
the  primary  donor  (A)  are  transferred 
from  the  graft  to  the  host's  spleen.    The 
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cells  are  maintained  in  the  embryonic 
environment,  permitting  the  A  cells  to 
mature  and  subsequently  elicit  the  ob- 
served splenomegaly. 

Fertile  eggs  from  the  two  white  Leghorn 
lines  (lines  7  and  15)  with  a  coefficient 
of  inbreeding  greater  than  95  per  cent 
were  provided  by  B.  Winton,  Director  of 
the  Regional  Poultry  Research  Laboratory 
at  East  Lansing,  Michigan.  The  efTects 
of  splenic  grafts  in  intrastrain  and  inter- 


ever,  line  7  embryos  were  affected  to  a 
greater  degree  by  spleen  from  line  15 
donors  than  by  spleen  from  line  7  donors. 
The  differences  are  significant  at  the  0.1  per 
cent  level. 

Next,  the  serial  experiment  outlined 
above  was  carried  out  using  embryos  from 
these  two  inbred  lines.  Four  groups  of 
embryos  were  studied: 

In  group  I,  spleen  from  a  17-day  line  7 
embryo  was  placed  on  the  membrane  of 
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Fig.  3.    Splenomegaly  in  individual  lines    ifter  serial  grafting  of  homologous  embryonic  spleen. 


strain  combinations  were  first  compared. 
Fragments  of  spleen  from  1-month-old 
chickens  of  line  7  and  line  15  were  im- 
planted on  the  membranes  of  isologous 
or  homologous  10-day-old  embryos.  As  is 
shown  in  table  1  there  is  a  striking  dif- 
ference in  reaction  in  the  two  lines  of 
embryos  to  a  graft  of  spleen  from  donors 
of  line  7.  When  line  15  chickens  are  used 
as  donors,  however,  the  differences  be- 
tween intrastrain  and  interstrain  efTects 
are  modest,  indeed.  As  was  expected,  how- 


TABLE  1.  Mean  Weights  of  Embryonic  Hosts' 
Spleens  after  Grafting  of  Isologous  and 
Homologous  Adult  Spleen 


Donor 
Line 


Host 
Line 


No. 
Cases 


Mean 
Weight 

Hosts' 
Spleens, 

mg 


SEt 


7 

7 

36 

12.8 

0.528 

7 

15 

29 

91.3 

8.411 

15 

7 

31 

28.1 

1.757 

15 

15 

20 

21.2 

2.840 
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a  10-day  line  15  embryo.  After  7  additional 
days  of  incubation,  the  host's  spleen  was 
removed,  weighed  to  the  nearest  0.2  mg, 
and  cut  in  half.  One  half  was  transferred 
to  the  membrane  of  another  line  15  em- 
bryo. After  7  days  the  host's  spleen  again 
was  removed,  weighed,  and  treated  in  simi- 
lar fashion,  the  experiment  being  con- 
tinued for  9  weeks.  The  average  weight  of 
the  line  15  hosts'  spleens  is  given  in  table  2. 

The  other  half  of  the  line  15  spleen  was 
placed  on  the  membrane  of  a  line  7  embryo. 
After  7  additional  days  of  incubation,  the 
host's  spleen  was  removed  and  weighed, 
but  not  transferred.  The  average  weight 
of  the  line  7  hosts'  spleens  is  given  in  the 
same  table. 

In  group  III,  a  17-day  line  15  embryo 
spleen  was  placed  on  the  membrane  of  a 
10-day  embryo  from  the  same  line.  After 
7  additional  days  of  incubation,  the  host's 
spleen  was  removed,  weighed,  and  cut  in 
half.  One  half  was  transferred  to  the 
membrane  of  another  host  of  the  same 
line,  the  procedure  being  repeated  weekly 
for  9  weeks  (table  2).  The  other  half  of 
the  line  15  spleen  was  placed  on  the  mem- 
brane of  a  line  7  embryo.  After  7  addi- 
tional days  of  incubation,  the  spleen  was 
removed  and  weighed  but  not  transferred. 

As  further  controls,  untreated  17-day-old 
line  7  and  line  15  embryo  spleens  were 
grafted  to  the  membranes  of  line  7  embryos 
each  week.  The  mean  weights  of  the 
donors'  spleens  as  well  as  the  hosts'  spleens 
were  found  to  be  in  agreement  with  previ- 
ous findings. 

The  findings,  summarized  in  table  2, 
stand  in  sharp  contrast  to  the  evidence  for 
maturation  of  embryonic  spleen  cells  main- 
tained in  an  embryonic  environment,  as 
revealed  by  the  progressive  increase  in 
mean  weight  of  the  hosts'  spleens  obtained 
with  noninbred  material.  They  suggest 
that  one  seeding  of  "foreign"  cells,  from  a 
primary  donor,  into  a  10-day  embryo  is 
not  sufficient  to  provide  an  effective  cell 
population  in  the  quantitative  immuno- 
logic sense.  It  would  appear,  then,  that, 
when  embryos  of  noninbred  lines  are  used, 


TABLE  2.  Mean  Weights  of  Embryonic  Hosts' 
Spleens  after  Serial  Grafting  of  Embryonic 
Spleen  in  Inbred  Lines 


No.  of 

Weeks 

after 

Initial 

Group 

No. 

No.  of 
Cases 

Mean 

Weight, 

mg 

Operation 

1 

I 
II 

18 

10.2 

III 

18 

10.1 

IV 

2 

I 

11 

11.4 

II 

10 

9.3 

III 

13 

13.9 

IV 

12 

10.1 

3 

I 

15 

13.3 

II 

5 

10.2 

III 

17 

13.8 

IV 

9 

10.7 

4 

I 

14 

13.4 

II 

10 

10.5 

III 

12 

13.2 

IV 

12 

10.4 

5 

I 

16 

13.5 

II 

11 

9.9 

III 

15 

12.4 

IV 

11 

10.0 

6 

I 

14 

13.8 

II 

12 

11.0 

III 

10 

13.6 

IV 

8 

10.0 

7 

I 

15 

13.4 

II 

12 

9.4 

III 

13 

14.5 

IV 

7 

10.5 

8 

I 

18 

14.4 

II 

12 

7.8 

III 

17 

13.5 

IV 

8 

9.3 

9 

I 

15 

14.9 

II 

11 

8.2 

III 

12 

13.2 

IV 

11 

10.8 

cells  of  several  different  genetic  types  are 
gradually  accumulated  in  the  hosts'  spleens 
with  each  transfer,  resulting  eventually  in 
a  population  of  sufficient  size  to  effect  a 
clear-cut  reaction. 

An    unexplained    observation.     Several 
years  ago,  working  in  collaboration  with 
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I.  L.  Kosin  and  I.  Sato,  Mun  observed 
that,  contrary  to  expectations,  fragments 
of  spleens  taken  from  adult  chickens  previ- 
ously immunized  against  extracts  of  em- 
bryonic chick  spleen  were  less  effective  in 
producing  a  graft-versus-host  reaction  than 
fragments  of  spleen  from  unimmunized 
donors.  As  the  data  were  not  extensive, 
the  findings  were  reported  only  briefly.  It 
would  appear,  however,  that  in  the  future 
the  phenomenon  deserves  a  major  share 
of  attention,  for  during  the  past  year  a 
similar  set  of  preliminary  observations  has 
been  made. 

To  obtain  an  independent  check  on  the 
extent  of  inbreeding  of  the  two  lines  (7  and 
15)  used  in  the  studies  just  described,  skin 
grafts  between  lines  and  within  the  two 
inbred  lines  were  performed  on  10-day-old 
hatched  chicks,  with  the  guidance  of  A.  C. 
Kulangara.  It  is  too  early  to  assess  the 
findings  with  respect  to  the  degree  of  in- 
breeding, but,  as  had  been  predicted,  after 
1  month,  most  of  the  interstrain  skin  grafts 
have  begun  to  break  down  and  some  of 
them  have  been  sloughed,  leaving  large 
open  wounds  at  the  site  of  the  graft. 

Three  chickens  (two  from  line  7  and 
one  from  line  15)  showing  the  homograft 
reaction  were  sacrificed.  Fragments  of 
spleens  were  implanted  on  the  membranes 
of  10-day  embryos  of  lines  7  and  15.  As 
controls,  chickens  bearing  intact  isografts 
and  autografts,  and  untreated  chicks  from 
each  line,  were  sacrificed  at  the  same  time. 


The  results  of  splenic  grafts  from  these 
several  donors  are  shown  in  table  3. 

Spleen  implants  from  chickens  showing 
the  homograft  reaction  did  not  elicit  a 
greater  enlargement  in  the  reciprocal  line 
host  than  spleen  implants  from  unimmu- 
nized chicks.  In  fact,  the  average  weight  of 
the  hosts'  spleens  was  consistently  but  not 
significantly  less  than  that  of  the  unim- 
munized group.  These  findings  are  con- 
sistent with  the  reported  observations  of 
Mun,  Kosin,  and  Sato. 

Homograft  Reactions  in  Embryos:  Histo- 
chemical  Studies  of  Graft-Host  Interactions 

After  a  fragment  of  homologous  adult 
spleen  has  been  grafted  to  the  chorioal- 
lantoic membrane  of  the  chick  embryo, 
there  is  a  marked  accumulation  of  polysac- 
charide at  the  site  of  implantation  as  well 
as  in  the  host's  spleen.  DeLanney  and 
Ebert  have  raised  the  question  of  the  rela- 
tion of  this  polysaccharide  to  host-versus- 
graft  and  graft-versus-host  reactions.  The 
primary  purpose  of  a  continuing  study 
by  Tom  Mori  is  to  detect,  by  histochemical 
techniques,  polysaccharides  characteristic 
of,  or  related  specifically  to,  this  response. 

Chorioallantoic  grafts  of  adult  chicken 
spleen  were  made  to  White  Leghorn  hosts 
on  the  eighth  or  ninth  day  of  incubation, 
the  hosts'  spleens  and  implantation  sites 
being  recovered  daily  from  the  day  after 
the  implantations  until  hatching.  Grafts 
of  embryonic  heart,  liver,  or  spleen,  and 


TABLE  3.    Mean  Weights  of  Embryonic  Hosts'  Spleens  after  Grafting  of  Isologous  and 
Homologous  Spleen  from  Adult  Chickens  Previously  Subjected  to  Skin  Grafts 


Donor 
Line 


Treatment  of 
Donor 


Spleen  Weight 
in  Line  7 
Hosts,  mg 


No. 
Cases 


Spleen  Weight 
in  Line  15 
Hosts,  mg 


No. 
Cases 


7 

B3  skin  homograft 

12.2 

5 

77.1 

9 

7 

B8  skin  homograft 

19.5 

4 

79.9 

9 

7 

B4  skin  autograft 

14.5 

3 

133.2 

8 

7 

B4  none 

11.4 

5 

55.2 

4 

15 

Y9  skin  homograft 

19.2 

12 

47.3 

3 

15 

Y2  skin  isograft 

36.1 

10 

13.1 

2 

15 

Y24  none 

26.9 

9 

17.3 

3 

Sham 

10.1 

4 

12.2 

1 
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inoculations    of    chick    Ringer's   solution,  fected  by  the  same  treatment.    Sulfate  is 

provided  controls.  not  always  the  essential  radical  reacting 

Sections  were  stained  by   several  tech-  with  Alcian  blue  and  colloidal  iron;  and 

niques:    (1)    routine  periodic   acid-SchifiE  sulfation,  i.e.,  an  addition  of  excess  sulfuric 

(PAS),  (2)  Alcian  blue  8GX  (0.2  per  cent  radicals,  blocks  pre-existent  reactive  radi- 

solution  adjusted  to  pH  2.6  with  Walpole's  cals,  whatever  they  may  be,  or  changes  the 

sodium  acetate-HCl  buffer),  (3)  colloidal  colloidal  state  of  the  substrate.   Thus  the 

iron  prepared  by  Mueller's  method,   (4)  acid  radical  of  this  epithelial  mucopoly- 

Luxol  Fast   blue  MSBA,   (5)    Azure  A,  saccharide  has  not  been  identified.  It  was 

and   (6)   toluidine  blue  0  (0.01  per  cent  noted  also  that  3-glucuronidase  eliminated 

solution  in  Walpole's  buffer  adjusted  to  the  reactivity  to  colloidal  iron,  whereas  that 

/?H's  of  2.9,  2.6,  2.1,  and  1.5).  Stains  2,  3,  to  Alcian  blue  was  left  unaffected.   This 

and  4  usually  were  followed  by  routine  discrepancy  suggests  that  the  mechanisms 

PAS.   In  order  to  increase  the  specificity  underlying  these  two  stains  may  be  dif- 

of    these    methods,    certain    pretreatment  ferent. 

procedures    were    followed:    methylation         The  polysaccharide  found  in  the  chori- 

with  hot  methanol-HCl  mixture,  sulfation  onic   epithelium   also    seemed   acidic,   al- 

with  a  mixture  of  sulfuric  acid  and  glacial  though  in  much  less  degree  than  that  in 

acetic  acid  (Lewis  and  Grillo),  and  diges-  the  allantoic  epithelium.   After  combined 

tion  of  section   with  diastase,  hyaluroni-  Alcian  blue-PAS  staining  it  showed  a  red 

dase,  lysozyme,  and  3-glucuronidase.  tint  with  traces  of  blue.  The  blue  tint  was 

The  histochemical  characteristics  of  poly-  reduced  by   methylation   or   sulfation   of 

saccharides  found  in  different  parts  of  the  sections. 

membrane  differed.  The  major  compo-  The  PAS-positive  substance  in  the 
nent  of  the  granules  appearing  in  the  al-  mesenchyme  layer  of  the  membrane  con- 
lantoic  epithelium  was  found  to  be  a  tains  several  components,  including  (1) 
strongly  acidic  mucopolysaccharide.  Be-  intra-  or  extracellular  droplets,  (2)  some 
sides  an  intense  reactivity  with  PAS,  it  leucocytic  granules,  and  (3)  coarse  irregu- 
showed  a  marked  affinity  to  both  Alcian  lar  masses  ingested  by  histiocytes.  The  last 
blue  and  colloidal  iron,  and  also  revealed  material  gave  the  weakest  reaction  with 
very  strong  Y-metachromasia  to  toluidine  PAS  of  them  all,  and  Mori  believes  that 
blue  even  at  pH  2.1  and  1.5  All  these  it  is  a  breakdown  product  of  erythrocytes 
reactions,  especially  the  metachromasia  at  as  evidenced  by  its  positive  reactions  with 
such  a  low  pH,  are  considered  to  show  the  Perl's  Prussian  blue  test  and  Schmorl's 
presence  of  strongly  acid  groups  such  as  ferricyanide  test  for  lipofuscin.  The  PAS- 
sulfates.  As  might  be  expected,  mild  positive  droplets  consist  mainly  of  neutral 
methylation  completely  prevented  both  the  mucopolysaccharides.  They  remain  red 
metachromasia  and  Alcian  blue  staining  after  staining  with  Alcian  blue-PAS  and 
of  this  mucoid  epithelium.  However,  the  are  stained  faintly,  if  at  all,  by  toluidine 
metachromasia  also  was  diminished  readily  blue  and  Azure  A.  It  seems  possible  that 
by  brief  rinsing  in  a  1  per  cent  solution  of  a  similar  neutral  polysaccharide  is  the  ma- 
sodium  chloride,  suggesting,  according  to  jor  component  of  the  PAS-positive  droplets 
Lison,  that  the  acid  radical  related  to  in  the  host's  spleen,  except  that  the  latter 
the  metachromasia  may  not  be  sulfuric  but  substance  occasionally  shows  a  slight  re- 
carboxylic.  The  mild  sulfation  of  Lewis  activity  to  Luxol  Fast  blue.  The  PAS- 
and  Grillo,  on  the  other  hand,  interfered  positive  substance  found  combined  with, 
with  the  affinity  of  this  substance  for  Alcian  or  sometimes  circumscribing  the  surface  of, 
blue  and  colloidal  iron.  The  breakdown  the  granules  of  leucocytes  was  character- 
of  this  mucous  material  is  not  implied,  ized  by  remarkable  basophilia,  affinity  to 
because   the   metachromasia   was   not   af-  Luxol  Fast  blue,  and  strong  reaction  to 
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Bonhag's  mercury-bromophenol  blue  reac- 
tion for  proteins.  Also  it  was  stained  selec- 
tively by  Alcian  blue  in  the  specimens  fixed 
in  a  formalin-alcohol  mixture.  This  sub- 
stance may  be  the  well  known  basophilic 
or  metachromatic  material  found  in  the 
immature  granules  of  the  pseudoeosino- 
philic  and  eosinophilic  leucocytes. 

The  data  obtained  are  summarized  in 
table  4.  It  is  clear  that  no  one  of  the  poly- 
saccharides can  be  designated  as  a  specific 
polysaccharide  characteristic  of  these  reac- 
tions, for  all  the  PAS-positive  substances 
described  were  found  to  some  extent  in 
chorioallantoic  membranes  after  grafts  of 
embryonic  heart,  liver,  and  spleen. 

In  a  second  aspect  of  the  study,  attention 
was  centered'  on  hemopoietic  changes  in 
the  membrane  adjacent  to  the  graft  and  in 
the  major  hemopoietic  organs  of  the  host 
embryo,  such  as  the  bone  marrow,  bursa  of 
Fabricius,  spleen,  and  thymus.  Tissues 
were  fixed  in  10  per  cent  neutral  formalin 
or  in  Zenker-formol;  sections  were  stained 
with  the  double  stain  technique  of  May- 
Grim  wald  and  Giemsa.  This  study  has  not 
been  completed,  and  only  a  preliminary 
statement  of  the  results,  centering  about  a 
plasmacytic  reaction,  is  given  here. 

The  major  findings  have  been  in  close 
agreement  with  those  of  DeLanney  and 
Ebert:  invasion  of  graft  cells  into  the 
membrane;  formation  of  cysts,  and  vigor- 


ous granulopoiesis.  In  the  membrane,  ac- 
cumulation or  active  formation  of  granulo- 
cytes was  observed  most  clearly  along  the 
blood  vessels,  especially  the  precapillary 
arterioles.  At  least  some  of  the  immature 
leucocytes  seem  to  originate  from  the  ad- 
ventitia  of  the  vessels,  because  these  peri- 
vascular masses  of  myeloblasts  and  prema- 
ture leucocytes  were  found  very  frequently 
intermingled  with  hypertrophied,  highly 
basophilic  adventitial  cells  in  mitotic  divi- 
sion. As  these  juvenile  blood  cells  were 
also  observed  in  some  of  the  membranes 
treated  only  with  saline,  Mori  believes  that 
active  granulopoiesis  may  occur  in  the 
mesenchyme  of  the  membrane,  in  addi- 
tion to  the  allantoic  endoderm  as  described 
by  DeLanney  and  Ebert.  In  later  stages, 
a  small  number  of  minute  foci  of 
erythropoiesis  also  were  observed  in  some 
membranes. 

Plasma  cells  were  found  first  in  and  near 
the  invading  tongue  of  the  graft  tissue. 
The  number  of  these  plasma  cells  was  in- 
creased in  membranes  recovered  7  or  8 
days  after  grafting.  In  these  later  stages, 
plasma  cells  were  sometimes  aggregated 
along  the  blood  vessels,  such  groups  often 
containing  cells  in  various  stages  of 
maturation.  It  was  noticed  further,  espe- 
cially in  the  early  stages,  that  these  imma- 
ture and  mature  plasma  cells  frequently 
showed  "buds,"  that  is,  many  minute,  blunt 


TABLE  4.    Staining  Properties   of  Chorioallantois   after  Grafting  of 
Homologous  Adult  Spleen 


Stain  Employed 

Allantoic 

Chorionic 

Droplets  in 

Immature 

Epithelium 

Epithelium 

Mesenchyme 

Granules 

PAS 

+++ 

+++ 

+  +  + 

+ 

Sulfation 

;+; 

± 

— 

— 

Alcian  blue 

+  +  + 

+  or- 

— 

+  or± 

Sulfation 



— 

— 

— 

^-Glucuronidase 

+  +  + 

+ 

— 

±or  — 

Colloidal  iron 

+  +  + 

-for- 

— 

± 

Sulfation 



— 

— 

— 

P-Glucuronidase 



— 

— 

— 

Azure  A 

Y 

Yor  (3 

— 

3 

Sulfation 

Y 

Y 

Y 

Y 

Luxol  Fast  blue 

— 

— 

± 

+ 

Hg-Bromophenol  blue 

— 

— 

— 

++4- 
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processes  formed  from  the  cell  surface. 
Some  of  these  pseudopodia  were  large, 
being  connected  with  the  cell  body  by  thin 
cytoplasmic  bridges,  suggesting  the  separa- 
tion of  small  cytoplasmic  fragments.  Simi- 
lar phenomena  were  observed  in  many 
cells,  including  myeloblasts,  myelocytes, 
lymphoblasts,  lymphocytes,  and  histiocytes, 
in  the  interacting  zone  of  the  membrane 
with  the  graft.  Such  a  "budding"  was 
pointed  out  and  in  fact  figured  clearly  in 
DanchakofPs  early  publications.  Dancha- 
koff  regarded  the  phenomenon  as  a  sign  of 
active  ameboid  movement  of  these  wander- 
ing cells.  But,  in  this  study,  Mori  has  the 
impression,  at  least,  that  it  is  rather  an  in- 
dication of  a  degenerative  change  through 
vacuolization  of  cytoplasm. 

Among  the  host's  organs  examined,  al- 
though the  observations  have  not  been 
completed,  plasma  cells  have  been  found 
in  the  spleen  and  thymus,  usually  in  em- 
bryos more  than  19  days  of  age.  In  the 
thymus,  besides  conspicuous  invasion  of 
granulopoietic  foci,  there  are  various  stages 
of  juvenile  and  mature  plasma  cells  in 
the  cortex.  In  the  spleen,  on  the  other 
hand,  it  is  not  always  easy  to  point  out 
cells  in  various  stages  of  maturation. 

These  findings  suggest  that  the  primary, 
and  perhaps  major,  source  of  the  plasma 
cells  may  be  the  implanted  adult  spleen.  It 
is  likely  that  this  kind  of  cell  plays  an 
important  role  in  the  characteristic  re- 
sponse of  the  membrane  and  host  hemo- 
poietic organs.  But  the  question  still  re- 
mains of  the  origin  of  the  plasma  cells  in 
older  embryos.  Whether  the  embryo  may 
be  able  to  produce  plasma  cells  under  ap- 
propriate stimuli  is  an  important  question 
yet  to  be  answered. 

Homograjt   Reactions    in    Embryos   and 
Adults:   Induced  Aspermatogenesis 

Efforts  are  being  continued  on  a  broad 
front  to  elucidate  the  mechanisms  of  in- 
duced aspermatogenesis  in  the  guinea  pig. 
David  W.  Bishop  and  his  co-workers  are 
studying:  (1)  the  nature  of  the  inducing 


factor,  (2)  the  role  of  the  adjuvant,  (3) 
"adoptive"  aspermatogenesis,  by  transfer  of 
spleen  and  lymph-node  cells  from  primary 
to  secondary  hosts,  (4)  the  production  of 
acquired  tolerance  against  testicular  anti- 
gen, and  (5)  the  mechanism  of  the  re- 
sponse at  the  cellular  level.  Some  progress 
has  been  made  in  each  of  these  approaches. 

Nature  of  the  inducing  factor.  Gerald 
Carlson  has  collaborated  with  Bishop  in 
attempting  to  purify  and  characterize  the 
acid-extractable  aspermatogenic  material  in 
testes.  As  isolated  first  by  Freund,  Thomp- 
son, and  Lipton,  this  material  was  purified 
by  a  series  of  procedures  that  fractionate 
and  remove  proteins.  The  sequence  of 
ammonium  sulfate  fractionation,  trichloro- 
acetic acid  precipitation,  and  chloroform 
extraction  yields  a  nondialyzable  fraction 
containing  3  to  4  per  cent  reducing  ma- 
terial (expressed  as  glucose)  on  hydrolysis 
with  acid.  This  chloroform-purified  ma- 
terial gives  positive  ninhydrin  and  biuret 
tests  and  in  solution  shows  an  absorption 
maximum  near  280  mu.  If  the  nitrogen 
is  assumed  to  be  derived  from  polypeptides, 
and  the  reducing  material  is  assumed  to 
be  hexose,  only  35  per  cent  of  the  weight  of 
the  chloroform-purified  material  can  be 
accounted  for. 

The  biological  activity  of  the  chloroform- 
purified  material  may  be  characterized 
further:  it  is  stable  to  autoclaving  at  15 
pounds  for  20  minutes;  it  is  resistant  to 
pepsin,  trypsin,  and  chymotrypsin;  and  it 
is  resistant  to  heating  in  formamide.  By 
reasonable  inference,  Freund  and  his  as- 
sociates suggested  that  the  biological  ac- 
tivity might  be  associated  with  a  poly- 
saccharide component. 

In  summary,  the  evidence  suggests  that 
the  chloroform-purified  material  is  not  a 
homogeneous  preparation,  and  that  it  con- 
tains a  carbohydrate-polypeptide  grouping 
of  rather  unusual  stability.  The  possibility 
remains  also  that  the  aspermatogenic  ac- 
tivity resides  in  a  small  molecule  bound  to 
a  polypeptide-carbohydrate  complex,  which 
is  not  accounted  for  in  the  qualitative 
chemical  tests. 
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In  the  current  study  immunological  tests  PCA  reaction  using  rabbit  antiserum  and 
were  conducted  on  preparations  made  by  ASPM  and  a  negative  PCA  reaction  with 
the  methods  originated  in  Freund's  labora-  TCASM.  Controls  of  guinea  pig  sera 
tory,  first,  to  reassess  the  aspermatogenic  versus  rabbit  anti-ASPM  serum  in  the 
activity  of  the  preparations,  and,  second,  Ouchterlony  plates  contained  two  precipi- 
to  determine  how  many  components  they  tin  bands;  it  was  concluded  that  serologi- 
contained.  In  addition,  a  quantitative  assay  cal  heterogeneity  of  ASPM  was  due  in  part 
of  the  aspermatogenic  factors  was  pro-  to  contamination  of  such  preparations  with 
jected.  Both  ASPM  (ammonium  sulfate-  highly  antigenic  components  of  blood. 
precipitable  material)  and  TCASM)  (tri-  Attempts  to  demonstrate  heterogeneity 
chloroacetic  acid-soluble  material)  were  of  TCASM  by  column  chromatography  on 
found  to  be  effective  in  evoking  aspermato-  diethylaminoethylcellulose  and  carboxy- 
genesis  when  injected,  together  with  com-  methylcellulose  have  thus  far  failed.  Possi- 
plete  adjuvant,  into  adult  guinea  pigs.  The  ble  fractionation  of  TCASM  on  columns 
sera  from  these  aspermatogenic  animals,  was  determined  by  quantitative  assays  of 
tested  by  the  Ouchterlony  procedure  for  eluates  with  the  Folin-Ciocalteu  reagent  for 
precipitating  antibodies  against  ASPM  and  aromatic  amino  acid  and  phenols. 
TCASM,  uniformly  failed  to  give  pre-  TCASM  and  the  chloroform-purified 
cipitin  bands.  The  same  sera  were  tested  material  have  been  hydrolyzed  with  acid 
for  nonprecipitating  antibodies  by  use  of  in  order  to  extend  the  findings  of  Freund 
the  Ovary  PCA  (passive  cutaneous  ana-  and  co-workers  with  regard  to  small  mo- 
phylaxis)  reaction.  Sera  from  guinea  pigs  lecular  components  of  the  two  fractions, 
showing  testicular  damage  gave  positive  TCASM  gives  a  positive  anthrone  reac- 
PCA  reactions  when  either  ASPM  or  tion  in  further  confirmation  of  the  pos- 
TCASM  was  used  as  antigen.  sibility  that  the  reducing  material  obtained 
It  was  noted  that  the  PCA  reactions  pro-  on  acid  hydrolysis  is  carbohydrate.  For 
duced  by  ASPM  were  more  diffuse  in  out-  further  analysis  both  fractions  were  hy- 
line  and  less  dense  in  color  than  those  drolyzed  with  0.25  N  sulfuric  acid  in  a 
produced  by  TCASM.  A  possible  explana-  sealed  tube  at  100 °C  for  24  hours.  Sulfate 
tion  is  that  hyaluronidase,  present  in  was  removed  by  neutralization  with  bar- 
ASPM  but  not  in  TCASM,  increases  ium  hydroxide,  and  the  neutral  hydrolysate 
spreading  of  the  dye  when  the  enzyme  was  chromatographed  on  paper.  Aniline 
is  released  into  tissues  from  capillaries  dur-  hydrogen  phthalate  reagent  was  used  to 
ing  anaphylaxis.  If  so,  easily  readable  detect  possible  reducing  sugars.  The  main 
quantitative  PCA  tests  of  guinea  pig  anti-  aniline  hydrogen  phthalate-positive  ma- 
sera  might  be  obtained  uniformly  in  ruch  terial  in  these  hydrolysates  co-chromato- 
studies  by  heat  inactivation  (56°  C)  of  graphed  with  galactose  in  three  solvent 
hyaluronidase  present  in  crude  testicular  systems  (table  5).  Other  minor  components 
materials  used  for  the  antigenic  challenge,  detected  with  this  reagent  were  not  char- 
In  a  second  immunological  study,  rabbit  acterized. 
anti-ASPM  serum  was  prepared  by  serial  Acid  hydrolysates  of  ASPM  and 
injection  of  rabbits  with  ASPM;  this  anti-  TCASM,  prepared  with  4  N  or  6  N  HC1 
serum  was  used  in  determinations  of  the  in  sealed  tubes  at  100°-110°C,  contained 
number  of  antigenic  components  in  ASPM  ninhydrin-positive  materials.  After  re- 
and  TCASM.  Ouchterlony  tests  showed  a  moval  of  HC1,  in  vacuo,  these  hydrolysates 
minimum  of  four  antigenic  components  in  were  chromatographed  on  paper  and  the 
ASPM;  no  bands  of  precipitate  were  de-  chromatograms  were  developed  with  a 
tected  when  rabbit  anti-ASPM  serum  was  ninhydrin  spray  (fig.  4,  pi.  1).  Two-dimen- 
tested  against  TCASM.  The  results  were  sional  chromatograms  demonstrated  that 
complemented  by  the  finding  of  a  positive  TCASM  and  CPM  probably  contain  one 
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TABLE  5.   Rr  Values  of  Aniline  Hydrogen  Phthalate  Reactive  Materials  Obtained  by 

Ascending  Paper  Chromatography 


Chloro- 
form- 


Chloro- 

form- 

Purified 


Solvent 

System  Purified      Material  * 

Material  *         plus 

Galactose 


Preparation  Chromatographed 
Galactose        Glucose         Fructose    Glucosamine      Xylose 


ra-Butanol-  0.17  0.18  0.18 

acetic  acid-H20 

(4:1:1,  v/v) 
Phenol-HaO  0.39  0.40  0.42 

(100:39,  w/v) 
w-Butanol-  0.27  0.27  0.29 

pyridine-H20 

(3:l:1.5)f 


0.20 

0.36 
0.32 


0.26 


0.38 


0.12 

0.33 
0.22 


0.28 

0.42 
0.44 


#  Rr  value  of  major  aniline  phthalate  reactive  component  in  0.25  N  acid  hydrolysate  of  chloro- 
form-purified material, 
t  Developed  twice  in  same  solvent. 


or  more  complex  polypeptides.  Examina- 
tion of  the  data  of  the  Freund  group  shows 
that  the  chloroform-purified  material  has 
a  greater  absorption  at  280  mu  than 
TCASM  on  a  weight  basis.  The  chloro- 
form-purified material  cannot  be  classed 
as  a  simple  polysaccharide;  clearly,  more 
studies  are  necessary  before  the  relation  of 
the  polysaccharide  to  aspermatogenesis  is 
established. 

Role  of  the  adjuvant.  Earlier  studies  in- 
dicated that  adjuvant  of  the  Freund-com- 
plete  type  (paraffin  oil,  emulsifying  agent, 
and  mycobacteria)  must  be  mixed  with 
the  testicular  antigen  if  aspermatogenesis 
was  to  be  induced  in  the  adult  guinea  pig 
by  a  single  or  limited  series  of  intracutane- 
ous injections.  Injection  of  antigen  alone 
or  administration  of  antigen  and  adjuvant 
on  different  sides  of  the  mid-dorsal  line 
generally  evokes  no  germinal  response; 
hence  emphasis  has  been  placed  on  the  role 
of  adjuvant  in  eliciting  the  testicular  re- 
action. 

Evidence  from  studies  of  other  delayed 
hypersensitive  reactions  suggested  to 
Bishop  that  incorporation  of  antigen  into 
adjuvant  might  not  be  essential  for  a  tissue 
response;  and  experiments  were  devised 
to  resolve  the  question.  The  findings,  pub- 
lished recently  in  the  Proceedings  of  the 


Society  for  Experimental  Biology  and 
Medicine,  may  be  summarized.  Adult 
guinea  pigs  were  administered  small 
amounts  of  testicular  homogenate  alone, 
repetitively,  3  to  6  times  per  week,  over  a 
period  ranging  from  21  to  157  days  (table 
6) .  Severe  germinal  damage,  typical  of  the 
aspermatogenic  reaction,  occurred  after 
100  days  in  animals  injected  3  or  6  times 
weekly  with  0.1  or  0.05  ml,  respectively,  of 
testicular  homogenate  (250  mg  tissue,  wet 
weight,  per  milliliter).  The  development 
of  specific  tissue  lesions  may  be  regarded  as 
comparable  to  the  production  of  dissemi- 
nated encephalomyelitis  in  the  monkey  by 
injection  of  brain  tissue  without  adjuvant 
(Rivers,  Sprunt,  and  Berry) . 

The  ancillary  role  of  adjuvant  in  the 
production  of  aspermatogenesis  was  indi- 
cated in  another  experiment  which  in- 
volved the  injection  of  both  antigen  and 
adjuvant  but  in  separate  sites  on  the  same 
dorsal  quadrant  of  the  animal.  The  degree 
of  germinal  damage  in  such  cases  proved 
to  be  similar  to  that  observed  when  testicu- 
lar homogenate  is  incorporated  into  ad- 
juvant and  the  two  are  injected  together 
(table  7) .  These  findings  suggest  that  the 
effectiveness  of  the  sensitization  when  anti- 
gen and  adjuvant  are  administered  on  the 
same  side  of  the  mid-line,  in  contrast  to 
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TABLE  6.    Germinal 

Lesions  in  Male   Guinea   Pigs 
Testicular  Antigen  without  Adji 

Injected   Repetitively   with 
jvant 

_           No.  of        c     . 
GrouP  Animals       Strain 

Testicular  Homogenate* 

Duration, 
days 

Germinal 

ml/inj      inj/wk      total  inj 

Damage  f 

A            5            Mixed 
B             6            Mixed 
C            5             Hartley 
D            6            Hartley 

0.1            3            27-63 
0.2            2            18-42 
0.1            3              9-47 
0.05          6            27-95 

63-157 
63-157 
21-109 
31-109 

0, 3, 0, 4, 3, 4 

1,3,2,4,1,2,3,3 

2,2,3,3,3 

—?j    +J y       ly       %y    +J y    *J 

#  Approximately  250  mg  (wet  weight)   testes  per  milliliter. 

f  One  guinea  pig  in  group  A  and  2  in  B  unilaterally  orchidectomized  at  day  63. 


the  relative  lack  of  response  when  injected 
separately  on  both  sides,  may  be  attributed 
to  a  common  lymphatic  drainage  system 
connecting  the  sites  of  injection.  I£  there  is 
any  interaction  between  antigen  and  ad- 
juvant it  is,  or  can  be,  effected  through 
the  lymph  nodes  and  need  not  occur  at 
the  site  of  injection  as  postulated  previ- 
ously. 

Induction  of  aspermatogenesis  by  spleen 
and  lymph-node  cell  transfer.    It  is  gen- 


erally accepted  that  immune  states  involv- 
ing delayed  hypersensitivity  cannot  be 
transferred  by  serum;  induced  aspermato- 
genesis provides  no  exception  to  this  rule. 
The  induction  in  secondary  hosts  by  the 
transfer  of  spleen  or  lymph-node  cells  from 
sensitized  animals,  however,  might  be  ex- 
pected from  the  investigations  of  Bail, 
Chase,  and  others  on  other  types  of  reac- 
tions involving  delayed  hypersensitivity. 
Two  series  of  experiments,  one  employ- 


TABLE  7.    Aspermatogenesis  Induced  in  Guinea  Pigs  Injected  with  Testicular  Antigen  (0.5  ml) 
and  Complete  Adjuvant  (0.5  ml)  in  Separate  Sites  on  Dorsal  Quadrant 


Animal 

No. 


Strain 


Sites  of  Injection 


Antigen 


Adjuvant 


Distance 

Germinal 

Damage 

between 
Injection 

Mini- 

Maxi- 

Sites, cm 

mum 

mum 

3.5 

0 

3 

3.0 

0 

3 

3.0 

0 

3 

4.0 

0 

2 

3.5 

0 

3 

3.5 

0 

4 

4.0 

0 

3 

2.5 

0 

4 

3.0 

1 

4 

2.5 

2 

4 

2.8 

2 

4 

2.7 

3 

4 

2.5 

0 

3 

2.5 

0 

3 

2.5 

0 

3 

2.5 

0 

4 

2.0 

2 

4 

2.4 

3 

4 

2.8 

3 

4 

6.0 

0 

1 

6.0 

0 

2 

6.0 

0 

1 

6.0 

0 

1 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 


Mixed 


Hartley 


Lateral 


Median 


Median 


Lateral 


Lateral 


Median 


Right 


Left 
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ing  outbred  guinea  pigs  and  one  utilizing 
animals  of  a  highly  inbred  strain  (NIH- 
13),  have  been  conducted  with  this  aim  in 
view.  Spleen  and  lymph-node  cells, 
harvested  at  8  to  13  days  after  testis- 
adjuvant  sensitization  of  primary  recipi- 
ents, were  injected  intravenously  or  intra- 
peritoneally  into  secondary  recipients.  At 
sacrifice,  60  days  later,  no  significant  histo- 
logic alterations  were  observed  in  the  testes. 
The  normal  appearance,  number  (1.2- 
5.3  X  107  in  1.0  ml  saline),  and  techniques 
of  handling  the  injected  cells  were  such  as 
might  have  assured  success  in  transferring 
an  immune  response.  Moreover,  it  is 
known  from  the  work  of  others  that  strain 
NIH-13  is  highly  inbred,  and  that  skin 
grafts  can  be  exchanged  between  adult  in- 
dividuals of  the  strain.  At  present  Bishop 
has  no  explanation  for  the  negative  find- 
ings. 

Production  of  acquired  tolerance  against 
testicular  antigen.  As  was  reported  briefly 
in  Year  Book  59  and  published  sub- 
sequently in  the  Proceedings  of  the  Society 
for  Experimental  Biology  and  Medicine 
by  Bishop  and  Gump,  even  at  birth  the 
guinea  pig  has  developed  some  immune 
competence,  as  is  demonstrated  by  the 
capacity  to  produce  circulating  antibody 
against  a  defined  antigen,  bovine  y-glotm- 
lin,  during  the  first  week.  Current  work 
indicates  that  fetuses  injected  directly 
through  the  uterine  wall  10  days  to  2  weeks 
before  birth  can  also  develop  antibodies 
detectable  in  sera  withdrawn  postnatally. 
One  of  the  present  aims  is  to  determine 
when  antibody  formation,  in  utero,  first 
can  be  stimulated  and,  further,  whether 
the  guinea  pig  can  be  made  tolerant  to- 
ward such  an  antigen.  These  methods 
and  findings,  as  fast  as  they  develop,  are 
being  applied  to  a  similar  study  using 
testicular  antigen,  both  free  and  in  com- 
bination with  adjuvant,  to  ascertain  when 
the  fetus  can  first  be  sensitized  against 
cellular  antigen  and  whether  tolerance  can 
be  induced,  as  judged  postnatally  by  both 


serological  and  testicular  response  tests.  It 
is  anticipated  also  that  from  these  experi- 
ments cogent  evidence  may  be  brought  to 
bear  on  two  immunological  principles, 
noted  during  the  study  by  Bishop,  Nar- 
baitz,  and  Lessof,  reviewed  in  Year  Book 
59,  and  accepted  for  publication  in  De- 
velopmental Biology,  but  of  considerably 
broader  implication:  (1)  the  question  of 
the  necessity  of  modification  of  antigen, 
possibly  by  adjuvant,  in  instances  of  auto- 
allergic syndromes,  and  (2)  the  postula- 
tion  of  a  developmental  series  of  immune 
responses,  during  the  ontogeny  of  an 
organism,  roughly  analogous  to  the  phylo- 
genetic  immune  capacities  described  by 
Favour. 

Mechanism  of  response  at  the  cellular 
level.  As  one  of  a  number  of  inducible 
autoimmune  responses,  aspermatogenesis 
would  seem  to  be  a  particularly  advanta- 
geous system  in  which  to  investigate  the 
mechanism  at  the  cellular  level.  The  high 
degree  of  tissue-  and  species-specificity  of 
the  reaction,  the  virtual  restriction  of  the 
response  to  the  guinea  pig,  and  the  rapid 
occurrence  of  lesions  of  germinal  cells  in 
long-sensitized  animals  suggest  that  there 
may  be  a  physiological  uniqueness  of  the 
guinea  pig  testis  as  well  as  an  immuno- 
logical proclivity  of  the  animal  as  a  whole. 
The  statement  that  an  antigen-antibody 
reaction,  perhaps  cytotoxic  in  nature,  oc- 
curs in  or  near  the  germinal  epithelium 
offers  little  by  way  of  explanation.  Nor 
is  it  sufficient  to  suggest  merely  that  the 
lymphatic  drainage  of  the  guinea  pig  testis 
may  be  reduced  and  that  this  somehow 
leads  to  germinal  destruction.  One  kind 
of  change  that  could  involve  the  guinea 
pig  testis  before  the  onset  of  aspermato- 
genesis is  an  alteration  in  the  permeability 
characteristics  of  the  germinal  epithelial 
membranes;  another  is  the  vascularity  of 
the  germinal  tissue.  These  possible  modi- 
fications are  open  to  experimental  attack 
and  will  be  explored  during  forthcoming 
investigations. 
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Antibodies  as  Tools  in  Analyzing  the 

Development  of  Antigenic  Diversity 

in  Cellular  Slime  Molds 

Immunochemical  and  Immunohistochemi- 
cal  Studies  of  Dictyostelium 

Ikuo  Takeuchi  has  continued  his  im- 
munochemical study  of  the  development 
of  the  cellular  slime  mold,  Dictyostelium 
mucoroides,  using  hyperimmune  sera  pro- 
duced against  the  spores  of  this  organism 
(strain  Dm-11,  TYP,  or  wild  type).  Pre- 
cipitin ring  tests  of  the  five  antisera,  pre- 
pared as  described  in  Year  Book  59,  with 
extracts  from  various  stages  of  develop- 
ment in  5  and  50  mM  phosphate  buffer 
show  that  there  is  a  marked  increase  in 
reactivity  with  the  antisera  at  the  migrat- 
ing pseudoplasmodium  stage,  with  a  fur- 
ther increase  at  the  spore  stage,  suggesting 
a  synthesis  or  accumulation  of  specific  com- 
bining groups  during  this  period. 

Since  the  antisera  were  produced  against 
intact  spores,  it  was  questioned  whether 
antibodies  were  produced  against  antigens 
other  than  those  on  the  surfaces  of  the 
spores.  When  the  antisera  were  absorbed 
with  intact  spores,  the  absorbed  antisera 
no  longer  agglutinated  spores  and  inter- 
phase amoebae.  Reactivity  of  the  absorbed 
antisera  with  extracts  in  5  mM  phosphate 
buffer  was  studied  by  the  precipitin  ring 
technique.  The  absorbed  antisera  retained 
some  reactivity  with  extracts  of  spores  and 
migrating  pseudoplasmodia,  but  gave  al- 
most negligible  reactions  with  extracts  of 
earlier  stages,  suggesting  the  presence  of 
antigenic  substance  (s)  inside  spores  hav- 
ing begun  to  increase  during  the  migrat- 
ing pseudoplasmodium  stage. 

Since  there  was  no  significant  difference 
in  reactivities  between  extracts  from  inter- 
phase and  aggregation  stages,  the  antisera 
were  absorbed  with  homogenates  of  inter- 
phase amoebae,  in  order  to  study  whether 
new  specific  combining  groups  are  formed 
during  the  process  of  aggregation.  After 
complete  absorption,  precipitin  ring  tests 
of  the  absorbed  antisera  were  carried  out 
with  extracts  of  various  stages  in  5  mM 


phosphate  buffer.  Whereas  none  of  the 
absorbed  antisera  reacted  with  extracts  of 
vegetative  and  interphase  amoebae,  four 
of  the  five  gave  positive  reactions  with  ex- 
tracts of  the  aggregation  stage,  and  all  of 
them  reacted  with  extracts  of  later  stages, 
indicating  the  appearance  of  new  combin- 
ing group  (s)  during  the  process  of  aggre- 
gation. 

In  order  to  study  the  localization  of  the 
antigens  and  the  combining  groups  in 
cells  and  cell  populations  at  various  stages 
of  development,  immunohistochemical 
studies  were  initiated  using  the  fluorescein- 
conjugated  antibody  technique  in  consulta- 
tion with  George  Nace  of  the  Department 
of  Zoology,  University  of  Michigan,  and 
Bernard  Roizman  of  the  Department  of 
Microbiology,  Johns  Hopkins  University 
School  of  Medicine.  One  of  the  antisera 
was  conjugated  with  fluorescein  isothio- 
cyanate;  after  fractionation,  it  was  used 
for  staining  cells  fixed  at  different  stages. 
These  cells  did  not  autofluoresce,  and 
staining  by  fluorescein-conjugated  normal 
serum  was  negligible.  The  specificity  of 
the  staining  reaction  was  confirmed  fur- 
ther by  specific  inhibition  of  the  reaction 
by  unlabeled  antiserum. 

Amoebae  that  have  germinated  but  have 
not  yet  started  feeding  show  labeling  at 
the  surfaces  of  the  cells  and  on  granules 
in  the  cytoplasm.  The  labeled  granules 
tend  to  cluster  around  the  nucleus.  The 
granules  of  amoebae  in  the  vegetative 
stage  have  lost  the  ability  to  combine  with 
antibody.  Such  amoebae,  however,  were 
found  to  contain  structures  in  the  cyto- 
plasm which  gave  "ringlike"  staining. 
Escherichia  coli,  which  was  present  both 
inside  and  outside  the  amoebae,  was  not 
stained.  The  exact  nature  of  the  stained 
structure  has  not  been  identified,  but  it  is 
inferred  to  be  a  membrane  of  the  cytoplasm 
around  food  vacuoles.  It  cannot  be  at- 
tributed to  simple  digestive  products  of 
E.  coli,  since  this  staining  was  found  to  be 
species-  and  strain-specific. 

During  the  early  part  of  the  interphase 
cells  gradually  lose  the  capacity  for  ring- 
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like  staining.  Concomitantly,  their  small  As  development  proceeds,  cells  move  into 
granules  acquire  properties  making  them  the  prospective  anterior  region  in  increas- 
reactive  with  the  antibody;  this  capacity  ing  numbers;  they  tend  to  be  cells  with 
appears  more  often  in  some  cells  than  fewer  reactive  groups  in  the  cytoplasm, 
others.  In  the  late  interphase,  therefore,  starting  from  the  tip  of  the  region,  whereas 
the  cells  in  a  given  population  exhibit  con-  the  cells  in  the  posterior  region  appear 
siderable  variation  with  respect  to  number,  to  contain  more  combining  groups  as  sug- 
size,  and  brightness  of  the  stained  granules  gested  by  increased  size  and  brightness  of 
they  contain.  In  the  aggregation  stage  the  the  stained  granules.  In  the  completely 
cells  containing  granules  of  various  grades  formed  migrating  pseudoplasmodium  a 
of  brightness  are  distributed  at  random  in  distinct  difference  is  observed  in  the  man- 
aggregation  streams.  Random  distribution  ner  of  staining  between  the  posterior,  pre- 
of  these  cells  was  also  observed  in  the  spore  cells  and  the  anterior,  prestalk  cells, 
mounds  of  early  aggregation  centers.  Cells  The  former  contain  distinctly  stained 
that  have  moved  upward  in  the  central  large  granules  in  the  cytoplasm;  the  latter 
mound  of  aggregation  are  labeled,  some  are  almost  completely  devoid  of  staining 
of  them  containing  larger  and  brighter  in  the  cytoplasm  except  for  the  cells  around 
granules;  thus  there  is  a  top-to-bottom  the  stalk  cylinder,  which  show  weak  dif- 
gradient  in  the  frequency  of  the  stained  fusible  staining  in  the  cytoplasm  adjacent 
cells,  to  the  cylinder.   Both  types  of  cell  were 

In  sections  through  a  late  aggregation  stained  on  their  surfaces, 

center  which  is  about  to  form  a  migrating  These  observations  may  be  interpreted 

pseudoplasmodium,  most  of  the  cells  in  in  the  £0nowing  way.  Some  time  after  the 

the  prospective  anterior  region  of  the  pseu-  amoebae  finish  £eedi       but  be£ore  the  on_ 

doplasmodium  are  unstained,  forming  a  M  of  aggregation,  the  cells  begin  to  synthe- 

boundary   between    this   region   and    the  siz£  Qr  accumulate  Sp0re-specinc  combin- 

rest  or  the  aggregation  center,  which  con-  •                  /  \    •          I  •               i            .1 

1     ii-i         111       11     1  ing  group  (s)   m  certain  granules  in  the 

tains  both  bright  and  dark  cells;  hence  two  I    1            An.                    c  ^           a.    • 

j.           r?                  riiii      11  cytoplasm,     lne  extent  or  the   synthesis 

gradients  or  frequency  or  labeled  cells  are  '  .              •  1      1  1     r                     n 

0                        ?-  \      '             1            •  varies  considerably  from  one  cell  to  an- 

seen,  i.e.,  top  to  bottom  and  anterior  to  ,         .              ,   ;,                 ,          ,        „ 

.•  §.r.-  r  a.  1  1  i«  other;  thus,  in  the  late  interphase,  the  cell 
posterior,  starting  trom  the  boundary  line.  1  •  •  1  •  1 
It  appears  that  in  the  process  of  forming  Potion  is  heterogeneous  with  respect 
the  migrating  pseudoplasmodium  only  to  the  number  of  spore-specific  combining 
cells  that  will  not  accept  the  labeled  anti-  groups  they  contain.  That  is  to  say,  cells 
body  move  ahead  to  form  the  prospective  have  already  differentiated,  in  the  sense 
anterior  region,  the  prospective  stained  that  theY  have  beSun  to  synthesize  spore- 
cells  being  left  behind.  An  alternative  in-  specific  combining  groups  in  cytoplasmic 
terpretation  is  possible:  regardless  of  their  granules,  before  they  start  to  aggregate.  Al- 
ability  to  react  with  antibody,  cells  are  though  these  cells  are  collected  at  random 
pushed  forward  to  form  the  prospective  during  the  process  of  aggregation,  the 
anterior  region,  but,  as  soon  as  a  prospec-  existent  cell  variation  in  the  aggregation 
tive  labeled  cell  moves  into  this  region,  it  center  appears  to  provide  a  basis  on  which 
loses  its  combining  groups.  Although  the  the  cells  are  sorted  out  in  the  early  forma- 
present  observations  do  not  provide  suffi-  tion  of  the  migrating  pseudoplasmodium. 
cient  evidence  to  rule  out  the  alternative  After  the  cells  are  sorted  out,  further  dif- 
possibility,  the  first  interpretation  seems  ferentiation  takes  place,  depending  on  their 
more  reasonable,  being  consonant  with  location  in  the  migrating  pseudoplasmo- 
Bonner's  finding  that  there  is  a  redistribu-  dium,  so  that  cells  in  the  anterior  region 
tion  and  a  sorting-out  of  cells  during  the  lose  this  synthetic  capacity,  whereas  cells 
aggregation  stage.  in  the  posterior  region  gain  it,  providing  a 
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basis  for  further  differentiation  either  to  cross  reaction  in  different  species  and 
stalk  or  to  spore  cells.  strains.  No  specific  staining  was  observed 
The  conjugated  antiserum  also  was  ap-  in  the  vegetative  and  the  interphase 
plied  to  the  fixed  interphase  amoebae  of  amoebae  of  Dd-1,  Dp-2,  and  Dm-7.  How- 
two  variants  (MV  and  GV)  of  D.  mu-  ever,  prespore  cells  of  migrating  pseudo- 
coroides  (Dm-11),  both  of  which  can  form  plasmodia  of  all  of  them  were  found  to 
cell  aggregates  but  do  not  continue  normal  contain  granules  that  combined  with  anti- 
morphogenesis  after  that  stage.  In  both  Dody?  although  the  surfaces  of  these  cells 
variants  it  was  found  that  the  disappear-  were  not  stained.  It  appears,  then,  that 
ance  of  the  ringlike  staining  in  the  inter-  the  labeling  on  the  sur£aces  o£  cells  of 
phase  is  considerably  delayed,  the  cells  Dm.n  is  species.  and  stram„Specific, 
that  had  lost  their  capacity  to  combine  with  ±       h  ^  les  in  ±Q  ^  of 

antibody  being  almost  completely  devoid  or  A-rc        u    *.    ■  i  •  ■■ 

dirierent  strain  and  species  contain  some 


staining  in  the  cytoplasm.  In  these  vari- 
ants, then,  the  synthesis  of  the  combining 
groups  in  granules  appears  to  be  inhibited 
or  at  least  delayed.  Surfaces  of  these  cells 
were  stained  as  well  as  the  TYP  type. 

The   labeling   technique    was    also    ex- 
tended to  cells  of  D.  discoideum  (Dd-1) 


combining  group  (s)  common  to  the  spores 
of  the  Dm-11. 

Immunoelectrophoresis  of  extracts  in  5 
mM  phosphate  buffer  revealed  two  bands 
against  the  conjugated  antisera.  Chemical 
staining  of  the  two  antigens  separated  by 


D.purpureum  (Dp-2),  and  D.  mucoroides      simple  electrophoresis  showed  positive  re- 
(Dm-7)    to  study  the  extent  of  possible     actions  for  both  protein  and  polysaccharide. 


CELL  INTERACTIONS  IN  MORPHOGENESIS 


Development  of  the  Heart 

Morphogenetic   Movements    of   the   Pre- 
cardiac Mesoderm 

It  will  be  recalled  from  Year  Book  59 
that  Robert  L.  DeHaan  has  directed  his 
attention  to  two  aspects  of  cardiogenesis : 
morphogenetic  movements  of  the  pre- 
cardiac mesoderm,  emphasizing  cellular 
relations  and  causal  mechanisms  involved 
in  the  migration  and  aggregation  of  cells  of 
the  heart  primordia  during  early  cardio- 
genesis; and  the  formation  and  early  func- 
tion of  the  cardiac  pacemaker  tissues — a 
concern  arising  from  the  basic  question  of 
how  the  early  heart  begins  to  beat. 

DeHaan  has  summarized  his  own  find- 
ings on  pacemaker  formation  in  relation 
to  the  findings  of  others  in  a  paper  de- 
livered before  the  New  York  Heart  As- 
sociation at  the  Symposium  on  the  Myo- 
cardium— Its  Biochemistry  and  Biophysics. 
Much  of  the  material  covered  in  that  re- 
view was  treated  in  Year  Book  59.  These 
remarks  will  be  restricted,  therefore,  to  a 


discussion  of  morphogenetic  movements  of 
the  precardiac  mesoderm. 

In  the  chick  embryo  the  heart  arises 
at  about  stage  8  of  the  Hamburger-Hamil- 
ton series,  as  a  pair  of  delicate  tubular  rudi- 
ments arranged  one  on  either  side  of  the 
anterior  intestinal  portal.  Folding  move- 
ments of  the  ectoderm  and  endoderm  in 
the  formation  of  the  head  fold  and  foregut 
bring  the  heart  rudiments  together  in  the 
ventral  mid-line,  where  they  fuse,  first 
in  the  conotruncal  region,  and  then  pro- 
gressively caudally  in  the  ventricle.  In  this 
manner  the  primitive  heart  is  established 
as  a  single  mesial  tube  in  the  anterior 
coelom  of  the  embryo  having  8  to  10 
somites  (stages  9-10). 

Several  hours  before  the  first  primitive 
heart  cells  can  be  distinguished,  however, 
masses  of  mesoderm  can  be  shown  to  con- 
tain prospective  cardiac  cells,  not  by  spe- 
cific histological  characteristics,  but  by  their 
ability  to  differentiate  into  heart  muscle 
when  cultured  in  vitro.  The  regions  of  the 
early  chick  embryo  that  contain  cells  capa- 
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ble  of  developing  into  pulsating  cardiac  The  major  masses  of  lateral  paraxial  and 
muscle  were  mapped,  in  1943,  by  Mary  E.  precardiac  mesoderm  can  be  distinguished 
Rawles,  who  found  that  the  precardiac  readily  in  a  living  primitive  streak  or 
mesoderm  in  the  head  process  stage  em-  head  process  stage  embryo  (pi.  2,  fig.  5a). 
bryo  (stage  5)  was  localized  in  two  areas,  However,  during  the  period  before  tissue 
one  on  each  side  of  Hensen's  node.  We  differentiation  has  occurred,  it  cannot  be 
have  some,  less  complete,  information  on  predicted  what  any  specific  region  of  the 
the  location  of  the  prospective  cardiac  cells  mesoderm,  or  any  given  group  of  meso- 
at  earlier  primitive  streak  and  prestreak  dermal  cells,  is  to  become.  In  Year  Book 
stages,  from  the  studies  of  Olivo,  Rudnick,  59,  it  was  suggested  that  time-lapse  micro- 
and  others.  The  6-  to  8-hour  period  from  cinematography  might  offer  solutions  to 
stage  5  to  about  stage  8,  when  early  cardiac  some  of  these  problems.  If  a  developing 
rudiments  can  first  be  seen,  remains  un-  embryo  is  photographed  continuously 
explored.  The  movements  of  the  lateral  from  stage  5  to  stage  9  or  10,  given  masses 
masses  of  primordial  cardiac  mesoderm  of  cells,  selected  at  early  stages,  can  be 
during  their  migration  and  aggregation  "tracked"  on  film,  to  determine  their  fate, 
into  the  tubular  heart  rudiments  have  The  techniques  employed  in  cinemato- 
not  been  described,  and  are  unknown  ex-  graphic  analysis  of  cell  migration  need  be 
cept  by  inference.  reviewed  only  briefly:  A  chick  embryo  at 
The  relations  between  these  mesodermal  the  primitive  streak  stage  is  cultivated  on 
movements  and  the  folding  tubulation  its  vitelline  membrane,  resting  on  the  sur- 
movements  of  the  endoderm  during  for-  face  of  a  semisolid  agar-albumen  medium, 
mation  of  the  foregut  is  also  a  question  that  with  its  endodermal  surface  (marked  with 
has  not  been  examined.  Many  other  funda-  particles  of  iron  oxide  or  blood  charcoal) 
mental  questions  need  to  be  answered,  uppermost.  It  is  submerged  under  a  shal- 
among  them  the  following:  Is  the  meso-  low  layer  of  light  mineral  oil  and  allowed 
derm  carried  into  position  entirely  by  to  develop  on  a  microscope  warm  stage  at 
movements  of  the  endoderm,  or  do  these  37.5  °C  in  an  atmosphere  of  40  per  cent 
cells  migrate  by  pseudopodial  activity?  oxygen  and  5  per  cent  carbon  dioxide. 
What  forces  start  and  stop  these  move-  With  a  Kodak  Cine-special  movie  camera, 
ments,  and  guide  them  ?  Are  all  preheart  single  frame  exposures  are  made  on  16-mm 
cells,  and  only  preheart  cells,  localized  in  film  at  a  rate  of  five  frames  per  minute, 
the  prospective  heart-forming  regions  ?  Do  Thus,  about  13  hours  of  development  can 
these  cells  exhibit  a  predetermined  pattern  be  recorded  on  100  feet  of  film.  A  mag- 
within  the  regions  such  that,  for  example,  nification  of  32  diameters  permits  the  en- 
prospective  ventricle  cells  are  segregated  tire  anterior  half  of  the  area  pellucida  to 
from  prospective  atrial  cells  before  the  be  viewed  in  the  field.  Low  levels  of 
heart  rudiment  stage  is  reached;  or,  in  illumination  through  a  critically  adjusted 
contrast,  do  cells  differentiate  as  a  result  substage  condenser,  coupled  with  long  ex- 
of  the  position  in  the  heart  that  they  hap-  posures  (1.5  second,  Kodak  Plus-X  Film), 
pen  to  come  to  occupy  ?  Do  individual  yield  excellent  definition  of  thickened  areas 
cells  or  groups  of  cells  follow  specific  of  mesoderm  and  even  of  small  clusters 
routes  of  migration,  and,  if  so,  does  the  of  individual  cells. 

route  differ  for  different  parts  of  the  The  results  obtained  with  these  tech- 
heart  or  different  types  of  cardiac  tissue;  niques  bear  upon  two  of  the  problems  men- 
does  the  route  of  migration  of  a  cell  in-  tioned  earlier:  changes  of  shape  and  posi- 
fluence  its  further  differentiation?  It  was  tion  of  the  heart  primordia  as  a  function 
in  an  attempt  to  answer  some  of  these  of  time,  and  the  degree  of  patterning  of 
questions  that  DeHaan's  program  was  the  mesoderm  within  the  primordia. 
initiated.  Figures  5a  through  51,  plate  2,  show  a 
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series  of  individual  enlarged  frames  taken  tetraacetic  acid  (EDTA).  It  will  be  re- 
at  intervals  from  a  single  time-lapse  film,  called  that,  by  disturbing  the  intercellular 
The  Hamburger-Hamilton  stage  number  contact  relations  of  the  preheart  mesoderm 
of  the  embryo  is  shown  on  each  photo-  and  the  endoderm  on  which  it  moves, 
graph  from  (a)  stage  5  to  (/)  stage  10+.  normal  fusion  of  the  heart  primordia  can 
The  thickened  paraxial  and  precardiac  be  prevented.  Such  treatment  at  stage  5 
mesoderm  is  apparent,  even  to  the  inex-  results  in  doublehearted  embryos.  It  is 
perienced  eye,  at  stage  6  and  beyond.  Fac-  pertinent  to  ask  whether  a  similar  result 
ing  plate  2,  however,  in  figures  6a  through  might  be  obtained  at  later  stages.  Experi- 
61  (pi.  3),  a  series  of  tracings  of  these  ments  designed  to  test  this  possibility  have 
photographs  has  been  rendered,  on  which  been  completed.  Application  of  20  to 
the  parts  of  the  embryo  have  been  labeled.  40  mM  sodium  citrate  to  the  endodermal 
The  paraxial  and  precardiac  mesodermal  surface  of  a  series  of  embryos  at  stages 
areas  at  stages  5  and  5+  overlap,  being  wide  6  to  7  almost  completely  denuded  the  endo- 
and  diffuse.  With  development  through  dermal  layer,  leaving  the  mesoderm  and 
stages  6  and  7,  the  paraxial  mesoderm  may  ectoderm  relatively  intact  and  able  to  con- 
be  seen  (pi.  2,  fig.  5,  and  pi.  3,  fig.  6,  c-f)  tinue  development.  Figure  7,  plate  4,  shows 
to  condense  into  a  position  immediately  a  whole-mount  preparation  of  such  an 
bordering  each  side  of  the  elongating  noto-  embryo,  treated  at  stage  6+  and  then  incu- 
chord,  leaving  the  cardiac  primordia  dis-  bated  another  20  hours  to  the  time  when 
tinct  and  relatively  isolated  in  the  lateral  the  embryo  would  normally  have  reached 
regions  of  the  area  pellucida  (pi.  2,  fig.  5,  stage  11.  Several  pairs  of  somites  and  a 
and  pi.  3,  fig.  6,  b  and  c) .  Soon,  however,  distinct  medullary  plate  are  well  formed, 
the  anterior  mesial  border  of  each  cardiac  while  tubulation  movements  and  fusion 
primordium  begins  to  extend  forward  and  of  the  neural  folds  have  been  prevented, 
mesiad,  forming  a  crescent  of  cardiogenic  The  arrows  point  to  small,  spontaneously 
material  in  front  of  the  "fan"  of  the  pre-  twitching  vesicles  of  heart  tissue,  formed 
chordal  plate.  This  horseshoe-shaped  condi-  without  further  cell  migration  at  each  loca- 
tion is  reached  usually  at  about  stage  6  tion  where  a  mass  of  precardiac  mesoderm 
(pi.  2,  fig.  5,  and  pi.  3,  fig.  6,  d) .  Next,  the  was  left  by  the  disaggregated  endoderm. 
median  limb  of  the  precardiac  crescent  The  crescentic  array  of  differentiated  heart 
is  folded  under  with  formation  of  the  early  tissues  supports  the  notion  that  the  pre- 
head  fold  and  anterior  intestinal  portal  cardiac  mesoderm  at  stage  6+  was  similarly 
(pi.  2,  fig.  5,  and  pi.  3,  fig.  6,  e  and  /)  while  disposed.  Figure  8,  plate  5,  is  a  cross  see- 
the lateral  limbs  migrate  anteromesially  tion  through  such  a  cardiac  vesicle  showing 
to  be  incorporated  into  the  heart  rudi-  the  lack  of  an  endodermal  layer. 
ments*  If  the  photographs  on  plate  2  are  ex- 
Before  analyzing  further  the  movements  amined  closely,  it  will  be  seen  that  the 
of  these  regions  and  the  cells  that  compose  dark  regions  of  paraxial  and  precardiac 
them,  it  seemed  advisable  to  DeHaan  to  mesoderm  have  a  granular  appearance, 
substantiate  by  additional  evidence  the  fate  Two  types  of  granules  can  be  distin- 
of  this  material,  visible  at  stages  5  to  6.  guished.  The  black,  sharply  outlined, 
The  correlation  of  the  position  and  extent  sparsely  distributed  spots  are  particles  of 
of  the  two  lateral  regions  with  the  heart-  iron  oxide  adhering  to,  and  moving  with, 
forming  areas  as  defined  by  Rawles  is  one  the  endodermal  surface.  The  major  part 
such  line  of  evidence,  of  course.  of  the  granular  structure,  however,  is  corn- 
Further  support  is  afforded  by  the  study  posed  of  irregular  spots  of  varying  shades 
described  in  Year  Book  57,  on  the  treat-  of  gray,  concentrated  in  great  numbers  in 
ment  of  chick  embryos  with  low  concentra-  the  dark  areas  and  distributed  more 
tions  of  sodium  citrate  or  ethylenediamine-  sparsely  in  the  light  regions  of  the  area 
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pellucida.   On  the  time-lapse  films,  these  same  film,  more  and  more  exceptions  to 

"spots"  can  be  observed  to  migrate  actively,  the  "rule"  of  an  anteroposterior  pattern 

and  independently  of  one  another.    Ex-  were  found.  Figure  9,  a-j,  shows  outline 

amination  of  such  spots  under  high  power,  tracings  of  the  left  heart-forming  region 

in   living   embryos,   reveals   them   to   be  of  an  embryo  photographed  on  film  21.  On 

clusters  of  mesodermal  cells,  each  cluster  this  film,  twenty-two  cell  clusters  in  and 

migrating  as  a  group.  In  preliminary  cell  near  the  heart  primordia  at  stage  5~  were 

counts,  such  clusters  appear  to  be  composed  tracked  until  they  were  lost  in  the  opacity 

of  5  to  25  cells,  with  occasionally  as  many  of  the  forming  heart  at  stages  8  to  9". 

as  100  cells  in  one  clump.   With  practice,  Eleven  of  these  are  illustrated.  It  should  be 

it  has  proved  possible  to  follow  the  migra-  emphasized  that  each  cluster  was  followed 

tion  of  these  clusters,  identifying  and  track-  on  the  film,  forward  and  backward,  not 

ing  as  many  as  23  individually  migrating  less   than  four   times    (and  as   many   as 

clusters  from  stage  5  to  stage  9  on  a  single  eighteen   times  in   difficult  or  confusing 

film.  clusters)   to  ensure  a  high  degree  of  cer- 

The  numbers  1-4  in  the  right  heart-  tainty  regarding  its  fate.  Clusters  1,  8,  and 
forming  region  (RHFR)  of  figure  6,  a-l  17  are  approximately  analogous  to  1,  2,  and 
(pi.  3),  are  placed  in  the  approximate  3  in  plate  3,  figure  6,  in  that  they  make  an 
positions  of  four  clusters  tracked  on  film  anteroposterior  pattern. 
46,  from  which  the  photographs  on  plate  2  Examination  of  the  progressive  positions 
were  taken.  The  position  of  the  number  in  of  the  remaining  eight  clusters  shows  the 
the  illustration  is  approximate  only,  be-  danger  of  premature  generalization.  Corn- 
cause  the  size  of  the  number  required  on  pare,  for  example,  clusters  21,  13,  and  17. 
the  illustration  covers  an  area  in  which  as  At  stage  5~,  cluster  21  is  far  posterior 
many  as  five  cell  clusters  might  be  dis-  to  13  and  17;  between  stages  5~  and 
tinguishable.  These  four  clusters  serve  to  6,  however  (pi.  3,  fig.  6,  a-d)y  while 
illustrate  the  point  that,  in  a  general  way,  clusters  13  and  17  remain  relatively 
mesoderm  in  the  most  rostral  regions  of  static,  21  migrates  rapidly  in  an  an- 
the  heart-forming  areas  enters  the  heart  teromesial  direction,  passing  cluster  13  at 
rudiments  first,  and  goes  to  form  the  parts  stage  6+,  and  entering  the  heart  rudiment 
of  the  heart  at  its  arterial  end  (e.g.,  cluster  at  stage  8~  in  a  more  anterior  position  than 
3,  pi.  3,  fig.  6a,  ends  up  in  the  conoventricu-  either  13  or  17.  Similarly,  clusters  10  and 
lar  region  of  the  heart  at  stage  10,  fig.  6/),  11  migrate  at  rates,  and  in  directions,  quite 
whereas  those  in  the  posterior  regions  enter  independent  of  their  original  position  in 
later,  and  form  more  venous  parts  (cluster  the  heart-forming  region.  Cluster  10,  in 
1).  The  patterns  of  movement  of  the  fact,  migrates  in  a  retrograde  direction 
endodermal  cells  associated  with  the  pre-  from  stage  5~  to  about  stage  6,  and  enters 
cardiac  mesoderm  and  forming  heart  are  the  heart  late  (at  stage  9^)  in  the  atrioven- 
similar.  The  closed  circles  mesiad  to  tricular  region,  although  it  started  at  stage 
clusters  1,  2,  and  4  in  plate  3,  figure  6,  a-i,  5~~  in  the  anterior  third  of  the  heart-forming 
represent  two  iron  oxide  particles  that  can  region.  Thus  we  may  conclude  that 
be  seen  easily  in  the  photographs,  plate  2.  clusters  of  preheart  cells  may  migrate  over 

At  first,  it  was  thought  that  this  fixed  an-  routes   completely   independent   of   those 

teroposterior  pattern  of  cell  clusters,  pre-  taken  by  neighboring  clusters,  or  of  the 

determined  as  early  as  stage  5,  described  endoderm  on  which  they  migrate.  More- 

adequately  all  the  precardiac  mesoderm,  over,  it  appears  that  no  positional  pattern 

Further  observations  showed  this  view  to  is  established  before  about  stage  8,  and 

be  oversimplified.    As   the  technique  of  perhaps  not  before  a  cell  cluster  is  localized 

cluster    analysis    was    improved,    so    that  in  the  heart  rudiment, 
many   clusters   could  be   tracked   on   the         Examination  of  clusters  3,  5,  9,  and  4 
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throws  light  upon  the  question  of  the 
existence  of  noncardiac  mesoderm  within 
the  boundaries  of  the  heart-forming  re- 
gions. Both  clusters  9  and  4,  although  sur- 
rounded on  all  sides  by  precardiac  meso- 
derm (not  shown),  move  in  directions 
approximately  at  right  angles  to  that  taken 
by  the  cells  moving  into  the  heart.  Cluster 
9  moves  mesially,  leaving  the  heart-form- 
ing area  between  stage  5  and  6",  to  take 
up  a  position  in  the  head  mesenchyme; 


cluster  again  splits,  whether  into  clusters 
containing  the  same  cells  as  before  is  not 
known.  This  time,  however,  one  cluster 
(3)  migrates  directly  into  the  heart  (in- 
cidentally, overtaking  and  passing  cluster 
10  on  its  way),  while  its  companion  moves 
laterally  to  leave  the  heart-forming  area 
and  become  incorporated  into  the  meso- 
derm of  the  extraembryonic  vasculature. 
Clearly,  between  stages  7+  and  8~,  some 
developmental  crisis  must  have  occurred, 
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Fig.  9,  a-j.  Outline  tracings  of  the  left  heart-forming  region  of  an  embryo  at  stages  5~  to  9~. 
In  the  upper  left  corner  of  each  box,  the  frame  number  from  the  original  film  is  given;  in  the 
upper  right  corner  is  shown  the  stage.  Each  of  the  numbers  within  the  outlined  areas  represents 
a  cluster  of  mesoderm  cells  (see  text). 


cluster  4  moves  in  laterally  to  enter  the 
mesoderm  of  the  extraembryonic  vascula- 
ture. 

Clusters  3  and  5,  finally,  illustrate  an 
unusual,  but  not  unique,  case  of  cluster  di- 
vision which  is  especially  thought-provok- 
ing. In  plate  3,  figure  6,  chc,  the  numbers 
3  and  5  actually  should  be  superimposed, 
since  they  represent  what  seems  to  be  a 
single  cell  cluster.  At  stage  6,  the  cluster 
appears  to  split  into  two  clusters,  which 
then  fuse  again  at  stage  6+,  and  remain 
united  through  stage  7+.   At  stage  8"  the 


perhaps  at  the  surfaces  of  the  cells,  by 
which  the  route  of  migration  and  ultimate 
fate  of  the  cells  composing  cluster  3  be- 
came differentiated  from  those  of  the  cells 
in  cluster  5.  The  nature  of  that  differentia- 
tion, the  mode  of  control  of  the  direction 
of  migration,  the  cause  of  the  crisis  in  bio- 
chemical or  molecular  terms — these  are 
questions  that  remain  completely  obscure. 
We  may  summarize  these  observations 
with  the  following  conclusions:  (1)  the 
heart-forming  mesoderm  of  the  head 
process  stage  chick  embryo  is  composed  pri- 
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marily  of  numerous  discrete  clusters  of 
cells  which  maintain  their  integrity 
throughout  early  cardiogenesis.  (2)  The 
movements  of  these  clusters,  and  of  the 
heart-forming  regions  which  they  com- 
prise, can  be  followed  during  early  heart 
formation  with  the  aid  of  time-lapse  micro- 
cinematography.  (3)  There  is  some  degree 
of  prepatterning  of  the  cell  clusters  in  the 
heart-forming  regions,  to  the  extent  that 
some  in  rostral  positions  at  the  head  process 
stage  enter  the  heart  rudiments  early  and 
form  arterial  structures,  whereas  some  in 
more  posterior  positions  enter  the  heart 
later,  to  form  structures  at  the  venous  end 
of  the  heart.  (4)  On  the  other  hand,  it  ap- 
pears to  be  at  least  as  common  that  the  fate 


of  a  cluster  and  its  route  of  migration 
are  not  directly  related  to  its  initial  starting 
position  in  the  heart-forming  region.  (5) 
The  heart-forming  regions  at  early  stages 
contain  some  mesoderm  which  contributes 
to  noncardiac  structures.  (6)  The  pre- 
cardiac mesoderm  migrates  independently, 
presumably  by  pseudopodial  activity,  but 
this  movement  is  superimposed  upon  the 
folding  movements  of  the  endoderm  dur- 
ing formation  of  the  foregut,  which  carries 
the  heart-forming  material  in  a  mesiad  di- 
rection. (7)  The  forces  that  start,  stop,  and 
guide  the  precardiac  mesoderm,  as  well  as 
the  relations  between  initial  position,  route 
of  migration,  and  fate  of  a  cell  cluster,  re- 
main obscure. 


INDUCTIVE  TISSUE  INTERACTIONS 


Interactions  between  Dermis  and   Epi- 
dermis   from    Prospective    Feather    and 
Scale  Regions  after  Recombination  on 
the  Chorioallantoic  Membrane 

For  the  past  several  years,  Mary  E. 
Rawles's  interest  has  been  centered  on  the 
development  of  regional  specialization  in 
the  integumentary  system  of  birds  (fowl) . 
The  skin  of  birds,  like  that  of  other  verte- 
brates, is  a  complex  organ  composed  of 
a  variety  of  tissue  elements;  like  other 
organs,  the  skin  increases  in  complexity 
during  ontogeny.  Tissue  interactions  play 
a  major  role  in  its  differentiation  and 
morphogenesis. 

A  study  of  the  origin  and  development 
of  the  scales  of  the  feet  of  fowl,  with 
particular  reference  to  the  developmental 
relations  between  the  scale  and  its  homo- 
logue  the  feather,  has  now  been  carried 
sufficiently  far  to  warrant  some  conclu- 
sions. Before  the  principal  findings  are 
presented,  certain  pertinent  facts  about  the 
development  of  scales  and  feathers  should 
be  called  to  mind.  In  origin  the  two  types 
of  primordia  are  fundamentally  alike.  Al- 
though both  are  formed  solely  from  the 
epidermis,  the  first  visible  evidence  of  their 
origin  occurs  in  the  underlying  mesoderm 
(prospective  dermis).    Continuous  multi- 


plication of  cells  of  the  dermal  aggregate 
thrusts  the  overlying  epidermis  upward  to 
form  the  characteristic  rounded  elevations 
first  seen  on  the  surface  of  the  various 
regions  of  the  body.  Until  the  epidermis 
of  the  feather  germ  begins  to  divide  into 
its  characteristic  barb  ridges,  scale  and 
feather  primordia  are  indistinguishable. 

Scale  primordia,  like  feather  primordia, 
arise  in  an  orderly  sequence  in  time  and 
space  until  a  characteristic  number  is  laid 
down.  Unlike  feathers,  scales  are  uni- 
formly distributed  over  the  entire  surface 
of  the  foot  (tarsometatarsus,  toes,  plantar 
surface)  rather  than  confined  to  tracts. 

There  is  a  difference  in  the  time  of  ap- 
pearance of  the  two  types  of  primordia 
(scale  and  feather)  during  ontogeny 
amounting  to  an  interval  of  nearly  5  days. 
Feather  papillae  begin  to  show  up  exter- 
nally in  certain  tracts  toward  the  end  of  the 
6th  day  of  incubation,  the  scale  ridges  ap- 
pearing early  on  the  11th  day.  Conse- 
quently, by  the  time  the  entire  surface  of 
the  foot  is  covered  with  recognizable  scales 
(between  the  12th  and  13th  days)  the  body 
of  the  embryo  is  covered  with  long,  taper- 
ing, well  differentiated  down  feathers. 

Even  though  scales  are  the  most  com- 
mon integumentary  covering  of  the  foot  of 
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birds,  there  are  many  birds  in  which  the  from  the  dermis  cleanly.  An  advantage  of 

foot  is  partly  or  entirely  covered  by  feathers  carrying  out  the  separation  in  the  cold  is 

extending  to  the  claws  and  even  to  the  un-  that  the  thin  epidermis  does  not  roll  at 

derside  of  the  foot  in  extreme  examples  the  edges;  furthermore,  the  mesoderm  re- 

(snowy   owl,   ptarmigan).    Furthermore,  mains  firm.  Thus  both  layers  of  the  same 

down  feather  primordia  can  frequently  be  piece  of  isolated  skin  can  always  be  used, 

found  forming  from  the  scale  primordia  The  chimera  grafts  are  transferred  to  the 

in  various  regions  of  the  foot  in  embryos  chorioallantoic    membrane,    dermal    side 

of  the  Silver  Campine   and  other  scale-  down,  where  they  are  allowed  to  continue 

footed  breeds  of  domestic  fowl,  beginning  their  differentiation  for  8  to  10  days, 

on  about  the  13th  day  of  incubation.  Many  Since  the  chorioallantoic  membrane  was 

of  the  feather  primordia  are  abortive  and  lowered  by  puncturing  the  air  chamber  at 

transitory,  but  some  persist  and  differen-  the  blunt  end  of  the  egg,  the  epidermal 

tiate  into  relatively  normal  feathers.  Such  surface  of  the  graft  was  exposed  to  an 

observations  suggest  that  the  skin  of  the  artificially  created  air  space  between  it  and 

entire  foot  region,  unlike  that  of  other  the  overlying  shell.    It   was  soon  found 

body  regions,  is  bipotential  in  character  and  that  the  feather  germs  arising  from  the 

capable   of  -  differentiating   into   either    a  surface  of  the  graft  thus  exposed  to  air 

feather  or  a  scale.  failed  to  elongate  normally.  (In  the  normal 

What,  then,  are  the  causal  factors  in-  embryo  the  down  plumage  develops  com- 

volved   in   directing   the   bipotential   pri-  pletely  submerged.)    Therefore,  in  order 

mordia  of  the  foot  region  more  often  in  a  to  prevent  structural  abnormalities  due  to 

scale-forming  than  in  a  feather-forming  di-  drying,  the  graft  surface  was  kept  covered 

rection?    When  is  the  capacity  to  form  a  with  fresh  egg  albumen  added  daily.   It 

scale  irrevocably  fixed?  was  noted  that  the  chorioallantoic  mem- 

A  study  of  the  reactions  that  must  be  brane  continued  to  rise,  bringing  the  graft 
taking  place  between  the  dermis  and  the  nearer  and  nearer  the  shell.  To  allow  for 
epidermis,  before  and  during  the  organiza-  this  rise,  it  was  necessary  to  create  an  addi- 
tion of  both  the  scale  and  the  feather  pri-  tional  space  for  the  albumen.  This  was 
mordia,  would  be  expected  to  furnish  basic  done  by  placing  a  "chimney"  over  the 
information  about  the  inductive  process.  It  original  opening  in  the  shell.  The  chimney 
was  proposed,  therefore,  to  combine  epi-  was  made  of  a  spiral  of  cotton  cord  covered 
dermis  from  a  normally  feathered  region,  with  paraffin  to  preserve  its  form.  By  so 
such  as  the  mid-dorsum  of  5-  to  8-day  em-  doing  it  was  found  possible  to  keep  the 
bryos,  with  dermis  from  a  normally  scaled  grafts  submerged  throughout  the  8-  to 
region,  such  as  the  tarsometatarsus,  of  10-day  period  of  growth  (pi.  6,  fig.  10; 
9-  to  15-day  embryos,  and  vice  versa.  In  as-  pi.  7,  figs.  11,  12,  and  13). 
sembling  these  chimeras,  the  basal  layer  of  In  the  series  of  experiments  in  which 
the  epidermis  is  always  placed  over  the  dermis  from  the  foot  (tarsometatarsus) 
outer  surface  of  the  dermis  in  order  that  of  embryos  ranging  from  9  to  15  days  was 
the  contact  relations  between  the  two  re-  covered  with  epidermis  from  the  mid- 
main  normal.  Separation  of  the  two  layers  dorsum  of  embryos  ranging  from  5  to  8 
of  the  pieces  of  skin,  originally  isolated  days,  the  results  have  clearly  demonstrated 
from  the  back  and  foot  regions  of  the  progressive  changes  in  both  the  dermis 
embryo  (Silver  Campine  and  White  Leg-  (activating  system)  and  the  epidermis  (re- 
horn  breeds  being  used),  is  accomplished  sponding  system)  with  increase  in  develop- 
by  placing  each  isolate  in  a  1  per  cent  solu-  mental  age.  Before  approximately  the  13th 
tion  of  trypsin  at  4°C  for  1  to  3  hours  day,  dermis  of  the  foot  is  not  capable  of  in- 
depending  on  the  age  of  the  skin) .  When  ducing  scales  in  overlying  epidermis  from 
kept  in  the  cold,  the  epidermis  separates  a  normally  feather-producing  region,  at  the 
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stages  tested  (5  to  8  days).  As  a  rule,  a 
luxuriant  plumage  of  long,  tapering,  down 
feathers  developed  from  the  surface  of 
grafts  of  all  the  various  age  combinations. 

By  the  13th  day  the  scale-inducing  capac- 
ity had  increased  in  intensity  to  the  extent 
that  scales  could  now  be  induced  in  epi- 
dermis from  the  mid-dorsum  of  5-,  6-,  and 
7-day  embryos  which  previously  had  de- 
veloped feathers  only.  Very  little  increase 
in  the  intensity  of  the  scale-inducing 
stimuli  was  observed  in  14-  and  15-day 
dermis.  For  instance,  epidermis  from  the 
back  of  5-,  6-,  and  7-day  embryos  underlain 
by  dermis  from  the  foot  of  13-,  14-,  and 
15-day  embryos  regularly  gave  rise  to  nor- 
mal scales,  typical  of  the  region  of  the 
foot  from  which  the  dermis  was  removed. 
Of  particular  interest  is  the  fact  that  many 
of  the  scales  bore  abortive  feather  germs. 
The  frequency  of  occurrence  of  abnormal 
feathers  was  greater  from  7-day  epidermis 
than  from  5-  or  6-day  epidermis.  No  scales 
developed  from  8-day  back  epidermis  over- 
lying 13-  to  15-day  foot  dermis.  This  back 
epidermis  continued  to  develop  recogniz- 
able feathers,  but  they  were  less  normal  in 
appearance  than  those  that  formed  when 
the  underlying  dermis  was  younger  (9  to 
12  days).  It  would  seem,  then,  that  by 
the  8th  day,  when  the  feather  primordia 
are  visible  externally  on  the  dorsal  surface 
as  domelike  elevations,  the  prospective  fate 
of  the  epidermis  is  too  well  "fixed"  to  be 
swung  in  a  scale  direction.  That  the 
feather  primordia  are  affected,  however,  by 
the  stronger  stimuli  from  the  older  dermis 
is  evidenced  by  the  abnormality  in  feather 
structure.  The  data  show  clearly  that  exist- 
ing differences  in  the  responsiveness  of 
the  epidermis  from  the  mid-dorsum  at 
various  ages  (5  to  8  days)  can  be  detected 
only  after  the  dermis  of  the  foot  has 
reached  a  certain  intensity  with  increased 
age.  Furthermore,  the  capacity  of  the  graft 
(chimera)  to  form  scales  or  feathers  ap- 
pears to  hinge  upon  a  balance  between  two 
variables — activation  and  response. 

It  should  be  emphasized  that  the  strength 
of  the  inductor  (dermis)  varies  not  only 


with  age  but  also  within  different  regions 
of  the  foot  (front,  back,  sides,  etc.)  at  the 
same  age.  For  instance,  the  lower  front 
part  of  the  tarsometatarsus  is  determined 
or  fixed  in  regard  to  its  capacity  to  induce 
scales  at  an  earlier  age  than  the  back  of 
the  foot  at  the  same  level;  the  back  of  the 
foot,  earlier  than  the  lateral  part;  etc.  De- 
termination is  relative  rather  than  absolute. 
As  R.  G.  Harrison  pointed  out  many  years 
ago,  "determination"  can  be  properly  at- 
tributed to  a  given  part  of  an  embryo  only 
after  inquiry  "into  the  manner  in  which 
the  system  under  consideration  reacts  with 
other  parts  of  the  embryo  at  successive 
stages  of  development  and  under  as  great 
a  variety  of  experimental  conditions  as  it 
is  possible  to  impose." 

Results  from  the  reciprocal  series  of  ex- 
periments, in  which  epidermis  from  the 
foot  (tarsometatarsus)  of  embryos  ranging 
in  age  from  9  to  13  days  was  placed  over 
dermis  from  the  mid-dorsum  of  6-,  7-,  and 
8-day  embryos,  were  surprising  in  that 
scales  could  not  be  identified  in  any  of  the 
grafts.  Epidermal  differentiation  appeared 
to  be  solely  in  a  feather  direction.  Differ- 
ences in  the  responsiveness  of  the  epi- 
dermis with  increase  in  developmental  age 
could  therefore  be  detected  only  by  the 
degree  of  abnormality  displayed  in  the 
size  and  structure  of  the  definitive  feathers. 

Structurally  normal  feathers  developed 
regularly  from  foot  epidermis  of  9-  to 
11 -day  embryos  when  underlain  by  dermis 
from  the  mid-dorsum  of  each  of  the  stages 
tested  (6  to  8  days).  Although  feathers 
continued  to  arise  from  12-day  epidermis, 
they  were,  as  a  rule,  less  numerous  and 
showed  a  tendency  to  be  shorter  and  often 
thicker  than  usual,  especially  when  in  con- 
tact with  6-day  dermis.  By  the  13th  day, 
very  few  recognizable  feathers  appeared  on 
the  graft  surface.  In  place  of  feathers,  there 
were  small,  rounded,  wartlike  protuber- 
ances which  gave  the  impression  of  having 
started  to  develop  into  a  feather  but  had 
soon  become  arrested  in  growth.  Histo- 
logical sections  revealed  attempts  at  barb- 
ridge   formation,    thus   confirming   their 
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classification    as    abortive    feathers   rather 
than  as  abortive  scales. 

It  was  not  found  feasible,  in  spite  of 
many  attempts,  to  combine  14-  and  15-day 
foot  epidermis  with  6-  to  8-day  back  dermis. 
By  this  time  the  epidermis  has  become 
extremely  thick,  hard,  and  very  irregular 
in  contour.  Since  the  distal  margin  of 
one  scale  overlaps  the  proximal  part  of  the 
next,  the  epidermis  cannot  be  stretched  out 
flat  on  the  new  back  dermis.  Hence  much 
of  the  basal,  germinative  layer  fails  to  make 
contact  with  the  dermis  over  which  it  is 
now  laid.  It  is  quite  possible  that  some 
of  the  abnormality  seen  in  the  feathers 
arising  from  the  grafted  13-day  epidermis 
may  be  partly,  at  least,  due  to  such 
mechanical  difficulty  that  tended  to  prevent 
perfect  contact  with  the  new  dermis,  for 


at  this  stage  the  scale  ridges  are  deep  and 
overlapping  in  certain  regions  of  the  foot. 
How,  then,  can  it  be  explained  that  epi- 
dermis from  the  foot  at  all  stages  tested 
fails  completely  to  self-differentiate  when 
under  the  influence  of  dermis  from  a 
feather-forming  region  ?  Either  the  dermis 
from  a  normal  foot  is  characteristically  a 
weak  scale-inductor,  or  it  attains  full 
strength  only  after  the  13th  day.  It  is 
interesting  to  recall  that  the  epidermis  of 
all  body  regions  of  birds  has,  during  the 
course  of  evolution  from  reptiles,  acquired 
a  strong  inherent  tendency  to  form  feathers 
which  are,  indeed,  necessary  for  their  sur- 
vival as  homoiothermic  organisms.  In  sup- 
port of  this  view  is  the  fact  that,  in  normal 
embryonic  development,  feathers  often  de- 
velop from  the  scales  of  the  feet. 


HUMORAL  REGULATORY  MECHANISMS 


Steroid  Sex  Hormones  and  Gonadogenesis 
in  the  Opossum 

Studies  have  continued  on  experimental 
reversal  of  sex  in  the  gonads  of  young 
opossums  along  the  lines  indicated  in  Year 
Book  59  and  on  certain  aspects  of  the  re- 
productive biology  of  the  opossum  in 
Florida.  R.  K.  Burns  spent  the  months  of 
February  and  March  1961  at  the  Conserva- 
tion Reserve  of  the  University  of  Florida, 
but  with  less  than  the  usual  success.  For 
reasons  unknown  there  was  a  marked  de- 
crease in  the  numbers  of  opossums  as  well 
as  a  lowering  of  the  percentage  of  preg- 
nancy in  females  captured.  Nevertheless, 
further  data  were  accumulated  on  repro- 
duction, and  a  number  of  experiments 
were  carried  out  with  steroid  sex  hormones 
on  newborn  young. 

The  results  with  respect  to  the  histology 
of  the  gonads  are  not  known,  as  a  large 
part  of  the  material  has  not  yet  been 
sectioned  for  histological  study;  it  is  indi- 
cated, by  dissection  and  gross  examination 
of  the  urinogenital  tracts,  however,  that 
the  experience  of  recent  years  has  been 
repeated.  Embryos  treated  with  estrogen 
show  marked  and  precocious  hypertrophy 


of  all  parts  of  the  female  genital  system, 
and  it  may  be  anticipated  that  they  will 
also  show  transformation  of  the  testes  of  all 
males.  In  litters  treated  with  an  androgen 
(androstenedione)  there  were  no  obvious 
effects  on  the  female  genital  system  with 
the  doses  used;  therefore,  it  is  unlikely 
that  the  ovaries  will  show  significant  modi- 
fications. There  has  been  no  opportunity 
to  try  the  effects  of  much  larger  doses  of 
this  hormone. 

The  study  of  early  stages  of  cortex  for- 
mation in  testes  transforming  under  the  in- 
fluence of  estradiol  has  been  continued, 
using  chiefly  last  year's  experimental  ma- 
terial. Special  attention  has  been  paid 
to  the  first  appearance  of  cortical  cords 
and  their  relation  to  the  problem  of  cortical 
sterility  in  transformed  testes.  In  past 
years  Burns  observed  that  with  relatively 
large  doses  of  estradiol  the  cortical  zone  of 
transformed  testes,  although  very  well  de- 
veloped, was  always  devoid  of  germ  cells. 
It  may  be  emphasized  that  in  such  gonads 
the  first  active  development  of  cortex  (pro- 
liferation of  discrete  cortical  cords)  was 
typically  delayed,  appearing  between  the 
14th  and  18th  days  after  birth  and   the 
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beginning  of  treatment.  Later  experiments 
with  extremely  low  doses  of  estradiol  (of 
the  order  of  1  gamma  or  fraction  thereof 
per  day)  resulted  in  even  better  develop- 
ment of  the  cortex,  and  an  ample  supply 
of  ovogonia  and  ovocytes  was  present.  In 
Year  Book  59  it  was  pointed  out  that  the 
proliferation  of  cortical  cords  occurred 
much  earlier  in  these  experiments,  and  in 
some  individuals  cortical  development  was 
under  way  at  7  to  10  days.  Many  more 
such  examples  have  been  obtained,  and 
circumstances  suggest  that  it  is  the  early 
production  of  cortical  cord  material  that 
determines  the  survival  of  primordial  germ 
cells  and  the  fertility  of  the  cortex.  It  may 
be  pointed  out  that  in  young  normal  testes 
a  few  primordial  germ  cells  may  survive  in 
the  zone  of  the  tunica  albuginea,  isolated 
in  the  midst  of  the  stromal  tissue.  They 
disappear  within  a  few  days  after  birth. 
Apparently  the  presence  of  sex  cord  ma- 
terial is  necessary  for  the  preservation  of 
these  cells. 

Litter  size  in  Florida  opossums.  The 
problem  of  reduced  litter  size  in  Florida 
opossums  was  discussed  in  Year  Book  59, 
with  the  suggestion  that  reduction  in  the 
number  of  functional  mammary  glands 
was  a  probable  explanation.  Litters  of 
more  than  7  are  found  in  decreasing  num- 
bers after  the  first  week  or  10  days  of 
pouch  life;  and  the  young  of  such  litters 
are,  with  few  exceptions,  always  attached 
to  the  posterior  pairs  of  nipples,  suggest- 
ing that  the  more  anterior  mammae  are 
functionally  inadequate.  Further  observa- 
tion supports  this  view.  This  year  an  in- 
teresting case  was  followed  closely.  In 
early  morning  a  female  was  observed 
which  had  17  living  young,  and  2  recently 
dead,  in  the  pouch,  of  which  only  6  were 
clearly  attached  to  nipples.  Inspection  at 
intervals  during  the  day  showed  that  only 
1  more  succeeded  in  attaching,  the  others 
dying  or  becoming  moribund  in  a  few 
hours.  The  following  morning  only  7 
attached  young  were  found,  and  these 
occupied  the  posterior  7  nipples  in  the 
typical  pattern,  suggesting  again  that  the 


anterior  pairs  of  nipples  are  in  some  way 
defective  or  inadequate. 

Factors  Affecting  Compensatory  Renal 
Hyperplasia  in  the  Rat 

The  most  attractive  explanation  relating 
to  the  mechanism  of  compensatory  renal 
hyperplasia  is  based  on  the  existence  of 
hypothetical  substances  that  limit  the  rate 
of  kidney  growth.  Such  agents  may  be 
looked  for  in  the  kidneys  themselves, 
where  they  are  presumably  produced,  or  in 
the  blood  stream,  into  which  they  are  as- 
sumed to  be  released.  There  have  been 
a  number  of  attempts  to  demonstrate  the 
presence  of  growth-inhibitory  materials  in 
the  kidneys  of  young  adult  male  rats  in- 
volving the  injection  of  homogenized  tis- 
sues into  animals  previously  subjected  to 
unilateral  nephrectomy. 

In  a  study  submitted  for  publication  in 
the  American  Journal  of  Physiology, 
Richard  J.  Goss  and  Marsha  Rankin  of 
Brown  University  confirmed  earlier  obser- 
vations that  cell  division  in  the  remaining 
kidney  48  hours  after  uninephrectomy  is 
up  to  six  times  as  prevalent  as  in  controls. 
Functional  overload,  induced  by  severing 
the  contralateral  ureter,  does  not  stimulate 
mitosis.  Ligation  of  one  ureter,  administra- 
tion of  deoxycorticosterone  acetate,  and 
high  intake  of  NaCl  enhance  proliferation 
in  kidneys,  whereas  hypophysectomy, 
adrenalectomy,  and  administration  of  corti- 
sone decrease  renal  mitotic  rates. 

With  this  information  providing  a  solid 
basis,  during  the  year  under  review  Goss 
continued  his  examination  of  this  old,  and 
even  yet  unsolved,  problem.  All  his  results 
(table  8)  are  expressed  in  terms  of  the 
number  of  mitoses  per  1000  cells  based  on 
50  randomly  selected  fields  in  the  cortex  of 
each  kidney  fixed  2  days  postoperatively. 
The  ultimate  numerical  result  of  each  ex- 
periment represents  the  mean  mitotic 
counts  of  the  kidneys  of  (usually)  a  dozen 
rats,  comprising  a  total  of  more  than  a 
quarter  of  a  million  cells  scanned  per  ex- 
periment.    This    sampling    method    was 
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TABLE  8.  Mitoses  in  Remaining  Kidney  after 
Unilateral  Nephrectomy  Followed  by  In- 
jection of  Tissue  Homogenates 


No.  of 

No.  of 

Mitoses  per 

Treatment 

Kidneys 

1000  Cells 

Controls 

12 

0.24  ±  0.06 

Uninephrectomy  (48  hr) 

24 

1.48  ±0.21 

saline,  IP 

24 

1.17  ±0.19 

fresh  kidney,  IP 

12 

0.70  ±  0.26 

cooked  kidney,  IP 

12 

0.52  ±  0.23 

frozen  kidney,  IP  (48  hi 

r)       12 

0.64  ±  0.18 

(72  hr) 

12 

0.58  ±  0.09 

(144   hr) 

11 

0.61  ±  0.08 

subcutaneous 

12 

1.43  ±0.15 

supernate,  IV 

12 

0.80  ±0.11 

saline,  IV 

12 

1.16  ±0.19 

liver,  IP 

12 

0.77  ±  0.23 

testis,  IP 

12 

0.62  ±  0.13 

spleen,  IP 

12 

0.51  ±0.11 

blood,  IP 

12 

0.69  ±  0.09 

normal  plasma,  IP 

12 

1.33  ±0.16 

nephrectomized  plasma, 

IP    12 

1.31  ±0.32 

egg  albumen,  IP 

12 

0.80  ±  0.12 

egg  yolk,  IP 

12 

1.20  ±0.15 

necessitated  by  the  wide  individual  varia- 
tions normally  encountered. 

Control  animals  were  uninephrecto- 
mized  and  subsequently  injected  intraperi- 
toneally  with  2  ml  of  0.9  per  cent  NaCl  30 
hours  later  (18  hours  before  sacrifice) .  This 
treatment  did  not  significantly  alter  the 
mitotic  rate.  Similar  injections  of  fresh 
kidney  homogenate,  however,  depressed 
the  usual  48-hour  mitotic  peak  to  a  con- 
siderably lower,  but  not  significantly  dif- 
ferent, level.  Homogenates  of  cooked  or 
frozen  kidney  yielded  comparable  results. 
This  mitotic  inhibition  appeared  not  to  be 
attributable  to  a  delay  in  proliferative  ac- 
tivity, for  residual  kidneys  examined  after 
3  and  6  days  likewise  exhibited  reduced 
mitotic  rates.  However,  the  subcutaneous 
administration  of  homogenates  of  frozen 
kidneys  did  not  alter  the  normally  high 
proliferative  rate  of  compensating  kidneys, 
indicating  that  the  route  of  absorption  may 
be  an  important  factor  in  eliciting  the 
inhibitory  effect  on  renal  mitosis.  Apropos 
of  this,   intravenous   injections    of   saline 


supernates  of  kidney  homogenates  centri- 
fuged  at  80,000^  brought  about  a  reduction 
in  renal  mitotic  rate  compared  with  saline- 
injected  controls,  although  the  difference 
was  not  statistically  significant. 

Upon  further  investigation,  it  was 
learned  that  these  effects  of  kidney  homog- 
enates on  compensatory  renal  hyperplasia 
were  nonspecific.  Intraperitoneal  injections 
of  other  rat-tissue  homogenates,  including 
liver,  testis,  spleen,  and  blood,  all  decreased 
the  rate  of  renal  mitosis.  With  reference 
to  blood,  subsequent  studies  revealed  that 
intraperitoneal  injections  of  plasma,  de- 
rived either  from  normal  or  from  uni- 
nephrectomized  rats,  were  virtually  with- 
out effect.  These  experiments  suggest  that 
simply  overloading  the  system  with  pro- 
tein might  account  for  the  reduction  in 
compensatory  renal  hyperplasia  so  regu- 
larly observed  after  intraperitoneal  injec- 
tions of  tissue  homogenates.  This  con- 
clusion is  substantiated  by  the  efficacy  of 
injections  of  egg  albumen,  which  is  rich  in 
protein;  conversely,  egg  yolk  proved  to  be 
ineffectual,  perhaps  owing  to  its  relative 
paucity  of  protein. 

Another  approach  to  the  problem  of 
compensatory  renal  hyperplasia  was  di- 
rected toward  the  detection  of  kidney- 
specific  growth-regulating  agents  in  the 
blood  stream.  The  object  was  to  determine 
whether,  in  uninephrectomized  pregnant 
rats,  the  kidneys  of  the  fetuses  would  re- 
spond as  do  the  remaining  maternal  kid- 
neys. Four  females  were  unilaterally 
nephrectomized  on  the  19th  day  of  gesta- 
tion. Three  others  were  sham-operated. 
After  48  hours,  the  remaining  maternal 
kidneys  as  well  as  the  21-day  fetuses  were 
fixed  and  prepared  for  histological  exami- 
nation. Mitotic  counts  in  the  maternal 
kidneys  revealed  a  threefold  increase  in 
proliferative  activity  in  the  four  residual 
kidneys  of  the  uninephrectomized  animals 
compared  with  the  six  normal  kidneys  of 
the  intact  rats.  The  kidneys  of  38  fetuses 
from  uninephrectomized  mothers  and  33 
fetuses  from  control  mothers  were  indi- 
vidually   counted   for   mitotic   figures   in 
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randomly  selected  cortical  areas.  The  two 
sets  of  fetal  kidneys  were  remarkably  alike 
in  mitotic  activity,  as  is  seen  in  table  9. 

TABLE  9.  Mitoses  in  Maternal  and  Fetal 
Kidneys  after  Unilateral  Nephrectomy  of 
the  Mother 


Treatment 

No.  of 
Kidneys 

No.  of 

Mitoses  per 

1000  Cells 

±SEm 

Maternal  kidneys 

Sham-operated 

Uninephrectomy  (48  hr) 
Fetal  kidneys 

Control 

Experimental 

6 

4 

66 
76 

0.16  ±  0.04 
0.47  ±  0.13 

5.43  ±  0.09 

5.44  ±  0.09 

If  it  is  assumed  that  compensatory  renal 
hyperplasia  is  initiated  by  alterations  in 
the  circulation,  either  this  factor  is  not  com- 
municated across  placental  barriers  to  the 
fetal  kidneys,  or  the  fetal  kidneys  are  in 
an  unresponsive  condition.  In  view  of  the 
relatively  advanced  state  of  development, 
both  morphological  and  functional,  of  full- 
term  fetal  kidneys,  it  does  not  seem  plausi- 
ble that  they  should  be  incapable  of 
compensatory  hypertrophy,  although  the 
incapacity  has  never  been  demonstrated 
directly.  Therefore,  if  one  prefers  to  think 
in  terms  of  molecular  messengers  mediat- 
ing compensatory  renal  hyperplasia,  there 
is  reason  to  suspect  that  they  cannot  pene- 
trate into  the  fetal  circulation.  Indeed,  if 
the  growth  of  maternal  organs  is  normally 
held  in  abeyance  by  humoral  inhibiting 
substances,  the  growth  of  homologous  or- 
gans in  fetuses  would  be  handicapped 
should  such  agents  intrude  on  the  fetal 
system. 

Factors  Affecting  Lens  Regeneration   in 
the  Newt 

The  successful  investigation  of  a  prob- 
lem depends  in  no  small  measure  on  the 
judicious  selection  of  a  suitable  experi- 
mental system.  Although  there  are  many 
good  reasons  for  studying  the  growth  of 


the  kidney,  in  view  of  the  unavoidable 
complexities  of  renal  physiology  such  in- 
vestigations are  often  impeded  by  uncon- 
trollable variables.  In  an  effort  to  escape 
such  inconveniences,  Goss  initiated  a  study 
of  lens  regeneration  in  the  adult  newt 
(Triturus  viridescens)  on  the  theory  that 
the  lens  is  comparatively  inert  physiologi- 
cally. Its  regeneration  from  the  dorsal 
margin  of  the  iris  is  triggered  by  the  re- 
moval of  the  old  lens.  Two  hypotheses 
have  been  advanced  to  account  for  this 
phenomenon.  Stone  has  postulated  that 
the  old  lens  produces  inhibitory  materials 
which  deter  the  dorsal  iris  from  developing 
into  a  new  lens,  and  that  such  substances 
are  released  into  the  aqueous  humor  which 
bathes  the  iris.  Stone  and  Vultee  stated 
that  they  were  able  to  inhibit  lens  regenera- 
tion for  prolonged  periods  by  daily  replac- 
ing the  aqueous  humor  of  lentectomized 
eyes.  Takano  and  his  associates  attempted 
unsuccessfully  to  repeat  these  experiments 
and  proposed  that  the  old  lens  inhibits 
regeneration  only  indirectly  by  "consum- 
ing" a  lens-stimulating  substance  of  retinal 
origin.  Although  these  two  theories  are 
not  necessarily  mutually  exclusive,  it  is 
important  to  determine  their  validities. 

Accordingly,  aqueous  humor  from  nor- 
mal newt  eyes  was  injected  daily  in  place 
of  that  previously  removed  from  lentecto- 
mized eyes.  Contralateral  lentectomized 
eyes  were  similarly  injected  with  0.9  per 
cent  NaCl.  These  manipulations  were 
facilitated  by  the  use  of  finely  drawn  capil- 
lary pipettes  mounted  on  a  syringe,  the 
plunger  of  which  could  be  operated  by  a 
micrometer.  This  entire  assembly  was 
mounted  on  a  rack  and  pinion  by  which 
the  micropipette  could  be  introduced  or 
withdrawn  from  the  eye  without  serious 
risk  of  injury.  Injections  commenced  on 
the  2d  day  after  lentectomy  and  continued 
to  the  19th  day,  when  the  new  lens  had 
made  its  appearance.  Its  spherical  con- 
figuration, which  was  visible  as  a  trans- 
lucent projection  into  the  pupil,  facilitated 
the  measurement  of  its  diameter  by  means 
of  an  ocular  micrometer.  Newts  in  which 
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the  iris  of  either  eye  was  inadvertently  in- 
jured were  excluded  from  further  con- 
sideration. In  21  uninjured  animals,  how- 
ever, there  was  no  instance  of  lens  inhibi- 
tion in  eyes  injected  repeatedly  with  aque- 
ous humor  from  intact  eyes.  Indeed,  the 
average  diameters  of  such  lens  regenerates 
were  slightly  greater  than  in  contralateral 
control  eyes  injected  with  saline.  Thus  it 


would  appear  that,  if  regeneration  is  nor- 
mally prevented  by  inhibitory  substances 
released  into  the  aqueous  humor  by  the 
lens,  more  subtle  experimental  methods 
will  be  required  to  detect  their  existence. 
Other  series  of  experiments  designed  to 
test  the  effects  of  saline  lens  extracts  and 
antilens  serum  likewise  failed  to  have  ad- 
verse effects  on  lens  regeneration. 


THE  EMBRYO  IN  RELATION  TO  ITS  ENVIRONMENT 


Mechanisms  of   Implantation  of  the 
Ovum 

As  has  been  reported  in  Year  Books  58 
(pp.  368-370)  and  59  (pp.  359-362),  Bent 
G.  Boving's  long-range  objective  is  to 
analyze  the  mechanisms  of  implantation  of 
the  rabbit  egg,  attention  being  centered  on 
mechanisms  of  invasion,  including  a  com- 
parison of  trophoblastic  and  cancerous  in- 
vasion. 

It  will  be  recalled  that  his  analysis  of 
trophoblast  invasion  is  based,  in  large  part, 
on  a  complete  anatomical  description  of 
cellular  components  and  their  spatial  re- 
lationship, a  key  observation  being  that 
trophoblast  invades  epithelium  with  a 
capillary  at  its  base.  The  chemical  analysis 
of  trophoblast  invasion  has  been  carried  to 
the  point  at  which  a  tentative  explanation 
of  the  hemotropism  has  been  advanced; 
that  study  has  been  extended  by  Abraham 
C.  Kulangara's  independent  study  of  the 
metabolic  substrate,  the  digestion  of  which 
is  thought  by  Boving  to  charge  the  blasto- 
cyst with  bicarbonate,  the  discharge  of  bi- 
carbonate being  the  key  to  the  hemotropic 
invasion.  The  interplay  of  physical  and 
chemical  factors  has  been  explored  histo- 
logically and  by  chemical  experimentation, 
yielding  the  hypothesis  that  trophoblast 
penetrates  uterine  epithelium  by  differen- 
tial dissociation  at  high  pH. 

During  the  year  covered  by  this  report, 
Boving  has  been  concerned  with  several 
aspects  of  the  problem.  Most  of  his  studies 
have  been  exploratory;  none  of  them  are 
sufficiently  complete  to  warrant  more  than 
a  brief  statement  of  progress.    Two  ap- 


proaches to  the  factors  regulating  the  strik- 
ing spacing  of  blastocysts  have  been  con- 
tinued : 

1.  Confirmation  of  uterine  distention  as 
a  stimulus  for  blastocyst  spacing  has  been 
approached  by:  (a)  unilateral  tubal  liga- 
tion at  2  days  post  coitum,  (b)  insertion 
of  3.2-mm  glass  beads  into  the  tubal  end 
of  the  empty  uterine  horns  at  5  days 
post  coitum,  with  simultaneous  sham 
operation  of  the  contralateral  horn.  Au- 
topsy at  6  days  post  coitum,  when  the 
bead  diameter  equals  the  mean  normal 
blastocyst  diameter,  will  allow  a  two-way 
comparison.  Comparison  with  the  contra- 
lateral horn  will  show  whether  beads  be- 
come spaced  as  evenly  as  blastocysts  of 
comparable  size.  Comparison  of  blastocyst 
spacing  in  the  sham-operated  control  horns 
with  spacing  in  an  already  completed  series 
of  intact  normal  horns  will  allow  a  quanti- 
tative estimate  of  whether  anesthesia  and 
surgery  influence  spacing.  A  goal  of  20 
uteri  has  been  set;  12  acceptable  uteri  have 
been  obtained,  plus  2  cornua-lacking  sham- 
operated  controls. 

2.  Patricia  P.  Scott's  partly  completed 
series  of  uteri  have  protocols  available,  but 
the  analysis  of  data  has  not  been  completed. 
Scott's  studies  explored  the  effect  on  spac- 
ing of  (a)  an  immediately  prior  pregnancy, 
(b)  a  pregnancy  with  an  interval  of  about 
a  week  since  delivery,  and  (c)  ovariectomy 
and  progesterone  treatment. 

The  elucidation  of  the  relations  of 
hemotropism  and  implantation  in  the 
rabbit  has  prompted  Boving  to  extend 
his  exploration  to  implantation  in  the  mon- 
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key  and  in  man,  as  well  as  in  cancers.  The  in  widely  different  planes  of  focus,  and  it 

perfusion  equipment  has  been  completed,  was  difficult  to  count  or  photograph  them, 

and  the  techniques  have  been  practiced  in  The  experience  of  others  in  the  laboratory 

castrated  monkeys.  using  this  technique  had  been  similar. 

Silver  nitrate  solution  perfusion  after  Several  months  were  spent  in  investigat- 
sodium  bicarbonate  has  been  injected  into  ing  the  source  of  such  artifacts  and  develop- 
the  uterine  lumen  (as  a  test  for  endometrial  ing  remedies.  Finally,  a  suitable  method 
carbonic  anhydrase  activity)  has  been  per-  was  developed  which  gives  reliable  auto- 
formed  on  more  advanced  stages  of  rabbit  radiograms.  The  results  of  this  study  have 
pregnancy  and  on  four  ovariectomized  been  submitted  for  publication  in  the 
monkeys,  one  treated  with  progesterone  Journal  of  Histochemistry  and  Cytochem- 
after  estrogen  priming.  The  sections  have  istry.  An  abstract  of  the  paper  is  pre- 
not  been  studied.  sented  below  under  the  heading  "Ap- 
paratus and  Techniques." 

The  Origin  and  Function  of  Poly-  Experiments     were     then     undertaken 

saccharides  in  the  Uterine  Lumen  usinS  Nfw  England  white  rabbits    Fifty 

or  100  microcunes  of  uniformly  labeled  C 

As  was  forecast  in  Year  Book  59,  tracer  glucose  were  introduced  in  0.1  ml  of  aque- 

experiments  were  undertaken  to  study  the  ous  solution  into  one  uterine  horn  at  4 

origin  and  function  of  the  polysaccharides  and  6  days  post  coitum.    The  tube  was 

in  the  uterine  lumen  of  the  rabbit.    On  ligated  at  the  uterotubal  junction,  and  the 

the  basis   of  biochemical   data   described  animal  was  allowed  to  recover.    Rabbits 

previously,    Kulangara    chose    uniformly  were  sacrificed  at  various  intervals  after 

labeled  C14  glucose  as  the  tracer.    It  was  injection,  the  uterine  circulation  being  per- 

proposed  to  introduce  a  small  amount  of  fused  in  situ  with  a  saturated  solution  of 

labeled  glucose  into  the  ovarian  end  of  the  picric  acid  in  methanol  containing  10  per 

uterine  lumen  through  a  tube  inserted  into  cent  formalin.    Both  uterine  horns  were 

the  oviduct  and  to  prepare  autoradiograms  removed,  imbedded  in  paraffin,  and  cut 

of  the  uterus  after  various  intervals.  This  into  6-micron   sections.    The  slides  were 

approach  was  appealing  in  part  because  of  stained  in  hemalum  and  eosin  or  periodic 

the  considerable  saving  of  tracer  that  could  acid-Schiff  (PAS)  and  hematoxylin,  and 

be  effected.  It  was  found  that  by  this  route  autoradiograms  were  prepared.  It  may  be 

50  to  100  microcuries  per  rabbit  is  sufficient,  noted  that  in  each  animal  the  uninjected 

whereas  by  the  intravenous  route  a  few  horn  served  as  a  control.  A  nonpregnant 

millicuries  per  rabbit  may  be  necessary,  female  rabbit  also  was  included  in  the  series 

However,  the  success  of  the  method  de-  as  a  separate  control, 

pended  on  several  factors,  which  had  to  The   grain   counts   obtained   from   the 

be  explored  separately.  slides  are  given  in  table  10.  The  tentative 

One  unexpected  difficulty  lay  in  the  auto-  conclusions  based  on  staining  reactions  and 
radiographic  technique.  The  method  of  localization  of  radioactivity  may  be  sum- 
coating  stained  sections  with  a  thin  film  of  marized  as  follows : 
nitrocellulose  and  Kodak  NTB3  emulsion  1.  The  label  is  confined  to  the  injected 
produced  several  undesirable  results:  sec-  horn;  the  grain  counts  in  uninjected  horns 
tions  became  destained;  the  blue  color  of  are  not  significantly  different  from  back- 
hematoxylin  was  lost  almost  completely;  ground. 

and  eosin  turned  brownish.    Deposits  of  2.  The  nonpregnant  uterus  shows  some 

silver,  ranging  from  a  few  grains  to  large  granular  material  in  the  lumen,  but  it  does 

aggregates    about    0.2    mm    long,    were  not  stain  red  with  PAS.   The  cells  of  the 

formed  on  the  slides.  The  grains  produced  uterine  epithelium  do  not  contain  PAS- 

by  radioactivity  in  the  sections  were  located  positive  material.   The  grain  counts  over 
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TABLE  10.    Grain  Counts  of  Autoradiograms  of  Uterine  Tissues  after  Injection  of 

Uniformly  Labeled  C14  Glucose 


Rabbit 
No. 


Condition 


Uterus      R    k 

Perfused,  , 

hr  after  &OUn* 
.  •  Count 
inj. 


Count*  in  Uninjected  Horn  Count*  in  Injected  Horn 


j-j              Over  Over 

,,      ,       Lumen  Epithe- 

Muscle    u       •  ,  ,- 

Material  hum 


Over 
Muscle 


Over  Over 

Lumen       Epithe- 
Material        Hum 


41  Nonpregnant  24         4.5  3.16  3.4  ...  7.9  10.75  16.75 

49  4-day  pregnant  24         5.16  4.67  8.0  ...  12.2  68.67  97.5 

47  6-day  pregnant           7         5.67  5.0  4.5  4.5  6.17  95.0  240.0 

45  6-day  pregnant  24         5.5  5.3  6.0  6.0  11.5  37.6  300.0 

48  6-day  pregnant  31          4.58  4.5  6.0  ...  3.5  71.0  71.0 

46  6-day  pregnant  48          4.2  4.3  4.67  5.0  6.67  63.5  51.4 

*  All  counts  were  made  under  oil  immersion  using  an  ocular  grid.   Counts  are  given  as  mean 
number  of  grains  in  345  square  microns. 


epithelium  and  in  the  lumen  o£  the  in- 
jected horn  are  significantly  above  back- 
ground. However,  the  level  of  incorpora- 
tion is  very  low  compared  with  the  preg- 
nant uterus,  since  the  counts  are  only  twice 
the  background  counts. 

3.  Histologically,  the  4-day-pregnant 
uterus  reveals  a  marked  accumulation  of 
PAS-positive  material  in  the  lumen.  This 
material  is  seen  peeling  oflF  from  the  epi- 
thelium, and  nuclei  are  visible,  imbedded 
in  large  masses  of  it  in  the  lumen.  The 
cells  of  the  epithelium  show  PAS-positive 
material  at  their  surfaces  and  not  in  the 
cytoplasm.  The  uninjected  horn  shows  no 
label,  but  the  injected  horn  shows  about 
twice  the  background  count  over  muscle. 
The  counts  over  the  lumen  and  epithelium 
are  about  7.5  and  19  times  the  background 
count,  respectively.  Clearly,  there  is  ap- 
preciable incorporation  of  C14  glucose  at 
this  stage.  The  epithelium  shows  more 
label  than  the  material  in  the  lumen,  as 
would  be  expected  if  these  cells  are  ac- 
tively engaged  in  the  synthesis  of  material 
secreted  into  the  lumen. 

4.  Rabbits  were  injected  at  6  days  post 
coitum,  and  their  uteri  were  perfused  at 
7,  24,  31,  and  48  hours  after  injection. 
Again,  there  is  no  labeling  in  the  uninjected 
horn.  The  greatest  radioactivity  of  ma- 
terial in  the  lumen  was  observed  at  7 
hours  after  injection,  when  it  was  about 
19  times  the  background  count.  By  24 
hours  the  label  had  decreased  appreciably, 


suggesting  a  breakdown  of  material  in 
the  lumen.  At  31  hours  the  level  of  label- 
ing was  higher,  perhaps  because  freshly 
synthesized  material  was  added  to  the 
lumen.  The  label  in  the  epithelial  cells  is 
high  at  7  hours  but  reaches  its  peak  at  24 
hours,  when  it  is  50  times  the  background 
count.  Thus,  the  incorporation  of  glucose 
is  maximal  in  6-  to  7-day-pregnant  rabbits, 
being  2  to  3  times  that  observed  at  4  to  5 
days.  Three  rabbits  (numbers  45,  46,  and 
48)  showed  large  numbers  of  PAS-positive 
droplets  of  various  sizes  in  the  epithelial 
cells,  suggesting  active  synthesis  and  secre- 
tion of  a  PAS-positive  material.  In  rabbit 
47  these  droplets  were  present  at  their 
margin  near  the  uterine  lumen.  Rabbit  45 
(7  days  pregnant),  in  which  counts  over 
the  gloiolemma  and  the  trophoblast  layer 
of  the  blastocyst  could  be  made  separately, 
showed  220  grains  over  the  former  and  270 
over  the  latter.  It  is  very  tempting  to 
suggest  that  the  label  leaves  the  gloiolemma 
and  is  taken  up  by  the  blastocyst,  but  this 
conclusion  must  rest  on  additional  evi- 
dence. 

Kulangara  has  argued  that,  since  glucose 
is  a  small  molecule  soluble  in  water,  free 
glucose  should  not  remain  in  the  sections 
after  the  steps  of  histologic  processing.  To 
check  the  possibility  that  it  might  be  ab- 
sorbed or  in  some  way  retained  in  tissues, 
50  microcuries  of  the  label  were  introduced 
immediately  after  a  control  horn  was  per- 
fused   with    fixative;    autoradiograms    of 
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this  horn  showed  no  significant  activity 
above  background  in  tissue  or  lumen.  An- 
other possible  source  of  error  lies  in  the 
fact  that  a  part  of  the  glucose  molecule 
may  be  incorporated  into,  say,  an  amino 
acid  and  incorporated  into  protein  (or 
some  other  component) ,  and,  therefore,  the 
activity  observed  might  be  due  to  sub- 
stances other  than  polysaccharide.  Al- 
though this  possibility  exists,  it  seems  very 
unlikely  to  be  an  important  consideration, 
for  several  reasons:  (1)  the  nonpregnant 
uterus  and  uninjected  horns  in  pregnant 
animals  showed  little  or  no  activity;  (2) 
even  in  injected  pregnant  horns,  tissues 
other  than  epithelium  (such  as  muscle) 
showed  only  background  count;  and  (3) 
the  grains  were  restricted  to  several  PAS- 
positive  areas  such  as  strips  of  gloiolemma 
in  the  uterine  lumen.  There  were  appreci- 
able differences  in  the  grain  density  over 
regions  of  epithelial  cells  containing  PAS- 
positive  droplets  and  other  areas  of  the 
epithelium.  Conclusive  evidence  for  the 
incorporation  of  glucose  into  polysac- 
charide of  gloiolemma  can  be  obtained 
by  measuring  the  radioactivity  of  the 
uterine  wash  and  the  polysaccharide  sepa- 
rated from  it. 

Anatomy  and  Physiology  of  the 
Placenta 

Studies  on  the  Vascular  Pattern  of  Human 
Uteri  with   Placenta  in  Situ 

John  W.  S.  Harris  has  begun  a  study 
aimed  at  obtaining  information  on  the 
course  and  structure  of  the  spiral  arteries 
and  veins  at  various  stages  of  pregnancy 
by  means  of  vessel  reconstructions  and 
histological  observations  on  the  distribu- 
tion of  elastic  and  muscle  tissue  in  the  ves- 
sel walls.  The  material  available  extends 
from  horizon  xii  to  full  term,  and,  al- 
though some  of  it  has  already  been  sec- 
tioned, a  considerable  amount  of  histologi- 
cal preparation  is  necessary  before  the 
project  is  completed. 


Radio  angiographic  Studies  of  Circulation 

in  the  Maternal  Placenta  of  the  Rhesus 

Mon\ey 

The  expectation  expressed  in  Year  Book 
59,  that  radioangiography  would  serve  as  a 
useful  tool  in  the  study  of  placental  circu- 
lation in  the  monkey,  has  proved  to  be 
fully  justified. 

In  this  fifth  year  of  the  current  study  of 
maternal  circulation  in  the  placenta  of 
the  monkey,  the  research  team  has  again 
consisted  of  Elizabeth  M.  Ramsey,  George 
W.  Corner,  Jr.,  Martin  W.  Donner,  and 
Herbert  M.  Stran,  with  the  valued  assist- 
ance of  William  I.  Cleary  and  Arthur  G. 
Rever,  and  the  generous  cooperation  of 
the  Department  of  Radiology  of  the  Johns 
Hopkins  Hospital. 

Using  the  radioangiographic  technique 
worked  out  last  year  it  has  been  possible  to 
explore  several  of  the  fields  of  investiga- 
tion outlined  in  last  year's  report. 

Circulatory  pattern  at  various  stages  of 
pregnancy.  In  all,  29  radioangiographic 
studies  of  pregnant  monkeys  have  been 
made,  7  of  them  in  early  pregnancy  (be- 
fore the  90th  day) ;  14  in  mid-pregnancy, 
and  8  in  late  pregnancy  (between  the  140th 
and  153rd  days). 

The  technique  of  rapid  serial  radioangi- 
ography was  employed  in  3  of  the  early 
pregnancy,  7  of  the  mid-pregnancy,  and 
3  of  the  late-pregnancy  experiments. 
Cineradiography  was  used  in  all  the  rest. 
The  special  types  of  usefulness  of  these 
two  techniques  have  now  become  apparent. 
The  motion-picture  method  provides  a 
means  of  ascertaining  results  at  once,  while 
the  dye  is  actually  entering  the  placenta, 
and  it  offers  a  dramatic  demonstration 
of  circulatory  progress  for  purposes  of  dis- 
play and  exhibit.  On  the  other  hand,  the 
method  of  rapid  serial  radiography  (2 
plates  per  second),  although  entailing  a 
period  of  delay  while  the  plates  are  being 
developed,  provides  easily  handled  records 
which  may  be  superimposed,  shuffled,  and 
sketch-traced,  for  detailed  analysis. 

Circulatory  pattern  in  varying  states  of 
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uterine  contraction.  In  24  of  the  radio- 
angiographic  studies  intrauterine  pressure 
was  determined  simultaneously,  by  the 
method  of  intra-amnionic  pressure  record- 
ing described  previously.  It  will  be  re- 
called that  the  amplitude  and  frequency  of 
uterine  contractions  were  found  to  vary 
with  the  stage  of  pregnancy  (fig.  16).  In 
the  present  series  of  simultaneous  pressure 


mmHg 


rich  and  abundant  if  dye  is  injected  while 
the  uterus  is  relaxed,  but  the  spurts  are 
absent  or  slow  to  appear  and  very  sparse 
if  injection  is  made  a  few  moments  later 
during  contraction.  (Contrast  upper  row 
of  radiograms  in  fig.  17  with  those  in 
lower  row.) 

On  the  other  hand,  the  weaker  contrac- 
tions characteristic  of  mid-pregnancy  cause 


LABOR 


Fig.  16.    Recordings  of  intrauterine    (intra-amnionic)  pressure  in  monkeys  at  various  stages  of 
pregnancy,  showing  differences  in  amplitude  and  frequency  of  contractions. 


and  radioangiography  studies  it  rapidly 
became  apparent  that  the  effect  upon  pla- 
cental circulatory  pattern  of  stage  of  preg- 
nancy and  of  state  of  myometrial  (uterine) 
contraction  is  one  and  the  same  problem, 
the  contractile  state  forming  the  effective 
factor.  Thus,  strong  contractions  such  as 
those  of  early  pregnancy  inhibit  flow  into 
the  intervillous  space  of  the  placenta  (fig. 
17,  pi.  8).  Characteristic  "spurts"  of  ma- 
ternal blood  into  the  intervillous  space  are 


the  spurts  to  appear  more  slowly  (fig.  18, 
pi.  9).  They  are  fainter  and  less  numerous 
but  still  readily  demonstrable.  (Contrast 
upper  row  of  radiograms  in  fig.  18  with 
those  in  lower  row.) 

Impediment  to  flow  during  uterine  re- 
laxation has  not  been  observed,  so  far, 
at  any  stage  of  pregnancy. 

The  implications  of  these  findings  are 
far-reaching,  in  particular  as  they  relate  to 
the  interpretation  of  negative  results.  It  ap- 
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pears  likely  that  any  normal  placenta  fail- 
ing to  show  arterial  blood  entering  the 
intervillous  space  in  characteristic  "spurts" 
has  been  radiographed  during  a  phase  of 
uterine  contraction.  The  application  of 
the  technique  to  pathological  conditions  is 
still  to  be  worked  out,  but  offers  promise 
upon  the  basis  of  isolated  cases. 

Another  obvious  requirement  is  the  ex- 
tension of  observations  to  the  final  stage 
of  pregnancy.  It  will  probably  be  necessary 
to  induce  labor  at  full  term  by  administra- 
tion of  hormones,  since  the  symptomatic 
diagnosis  of  impending  parturition  in  the 
monkey  can  seldom  be  made  until  birth 
is  imminent. 

It  is  further  intended  to  make  the  study 
of  venous  drainage  from  the  placenta  a 
primary  object  of  consideration  in  next 
year's  reproductive  season.  Dye  introduced 
into  the  placenta  via  the  arterial  blood 


stream  becomes  so  diluted  in  the  placental 
pool  that  its  escape  through  the  uterine 
veins  cannot  be  detected.  Preliminary  ex- 
periments have  already  been  carried  out 
directed  toward  elaboration  of  methods  of 
injecting  dye  directly  into  the  intervillous 
space,  thus  avoiding  the  dilution  problem. 
Most  important  of  all,  it  is  hoped  that  in- 
tensive study  of  radiograms  already  in 
hand  and  others  to  be  made  will  permit 
analysis  of  the  activity  of  individual  endo- 
metrial arterioles  and  will  provide  answers 
to  such  questions  as:  Are  they  independ- 
ently contractile?  What  governs  their 
contractility,  intrinsic  or  outside  (myo- 
metrial)  action?  What  chemical  or  hor- 
monal influence  has  the  ultimate  control? 
Answers  to  such  basic  questions  would  be 
of  fundamental  significance  to  physiology 
and  pathology. 


COOPERATION  IN  RESEARCH 


An  Immunologic  Study  of  Insulin 
Resistance 

David  W.  Bishop  has  cooperated  with 
Dieter  Gump  in  examining  anti-insulin 
antibodies  in  the  serum  of  an  insulin- 
resistant  diabetic  patient  admitted  to  the 
Johns  Hopkins  Hospital.  The  immuno- 
logic responses  during  treatment  were  fol- 
lowed by  assays  of  humoral  antibody  by 
means  of  the  passive  cutaneous  anaphylaxis 
(PCA)  and  Ouchterlony  agar-diffusion 
procedures. 

An  active  immune  state  in  insulin- 
treated  patients  and  laboratory  animals  has 
been  demonstrated  previously  by  a  variety 
of  methods,  both  direct  and  indirect,  in- 
cluding hemagglutination,  collodion-parti- 
cle agglutination,  Prausnitz-Kiistner  skin 
tests,  precipitation  of  insulin-antibody  com- 
plexes by  antihuman  y-globulin,  Immuno- 
electrophoresis, insulin  inhibition,  and  in- 
sulin binding.  Contrary  to  reports  of  most 
investigators,  however,  only  Oakley  and 
colleagues  in  England  have  found  circulat- 
ing antibody  in  sera   of  insulin-resistant 


patients  by  the  sensitive  and  specific  PCA 
procedure. 

The  results  of  the  present  study  are  re- 
vealing when  considered  in  the  light  of  the 
previous  history  and  current  treatment  of 
the  patient.  Three  years  before  admission 
the  patient  had  received  massive  doses 
(2750  units  per  day)  of  insulin  during  a 
diabetic  episode.  Upon  admission,  having 
received  no  insulin  during  the  interim, 
the  patient's  serum  showed  no  detectable 
antibodies.  Given  60  to  80  units  of  beef- 
pork  insulin  per  day,  which  seemed  to 
serve  as  a  booster,  PCA-detectable  anti- 
bodies appeared  in  considerable  titer  (figs. 
19,  20,  pi.  10).  Coincident  with  this 
amnestic  response,  the  patient's  hyper- 
glycemia, which  had  been  brought  under 
temporary  control,  became  unmanageable 
as  insulin  resistance  mounted. 

Further  immunologic  analysis  included 
determination  of  maximal  antibody  titer 
(fig.  20,  pi.  10),  heat  stability  of  the  im- 
mune factor  (fig.  21,  pi.  11),  complete 
cross  reactivity  with  sheep  insulin  of  sera 
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positive  for  beef-pork  insulin  antibodies 
(fig.  22,  pi.  11),  and  the  failure  to  detect 
precipitable  antigen-antibody  complexes  in 
the  agar-diffusion  system.  These  results 
are  being  prepared  for  publication  along 
with  insulin-binding  studies  in  collabora- 
tion with  Thaddeus  E.  Prout,  of  the  De- 
partment of  Medicine,  Johns  Hopkins  Uni- 
versity School  of  Medicine. 

In  summary,  the  serologic  data  indicate 
that:  (1)  humoral  antibodies,  specific 
against  insulin,  may  be  produced  con- 
comitantly with  the  development  of  in- 
sulin refractoriness;  (2)  the  antibodies, 
detectable  by  the  PCA  but  not  by  the 
Ouchterlony  procedure,  form  nonpre- 
cipitable  or  soluble  antigen-antibody  com- 
plexes and  differ  from  the  previously 
described  precipitin  reactions  that  might 
be  accounted  for  by  contaminating  protein 
or  alteration  in  the  insulin  during  ex- 
traction; (3)  anti-insulin  titers  in  excess 
of  1 :  128  have  been  demonstrated  following 
booster  immunization;  (4)  complete  cross 
reactivity  occurs  between  sheep  and  beef- 
pork  insulin  when  tested  against  beef-pork 
insulin  antiserum;  and  (5)  the  insulin- 
specific  antibody  is  heat-resistant  (56  °C, 
4  hr)  and  thus  corresponds  closely  to  the 
insulin-blocking  antibody  described  by 
Loveless  and  Conn  in  the  y-globulin  region 
of  insulin-resistant  sera  rather  than  to  the 
heat-labile  skin-sensitizing  antibody  found 
in  the  3-globulin  region  of  sera  from  in- 
sulin-hypersensitive subjects. 

The  Collection  of  Human  Embryos 

In  the  year  covered  by  this  report,  Eliza- 
beth M.  Ramsey  examined  157  specimens 
sent  by  physicians  and  laboratories  from 
6  states  and  3  foreign  countries.  Of  these 
specimens,  124  were  discarded  as  of  no 
research  value,  at  the  end  of  3  months  after 
reporting  to  the  donor  and  in  the  absence 
of  instructions  to  the  contrary.  Thirty- 
three  specimens  had  sufficient  research 
value  to  justify  preservation. 


Differentiation   and   Morphogenesis   in 
the  Human  Embryo 

Closure  of  the  Secondary  Palate 

Although  morphological  and  histological 
observations  on  the  closure  of  the  secondary 
palate  have  been  made  by  a  number  of 
investigators,  only  scanty  information  exists 
about  the  growth  pattern  of  the  cranial 
and  facial  skeletons  during  the  period  of 
palatal  closure.  Observations  by  John  W.  S. 
Harris  in  the  rat  embryo  suggested  that 
closure  of  the  secondary  palate  occurs  in 
association  with  changes  in  the  relation  be- 
tween the  parachordal  and  trabecular  por- 
tions of  the  cranial  base  and  with  an  in- 
crease in  the  length  of  Meckel's  cartilage. 
The  human  cranial  base  differs  from  that 
of  the  rodent,  since  some  degree  of  angula- 
tion normally  persists  between  these  two 
portions. 

To  study  the  growth  changes  occurring 
in  the  human  embryo  during  the  closure 
of  the  secondary  palate,  Harris  has  made 
projection  drawings  of  median  or  para- 
median sagittal  sections  of  46  embryos  in 
the  Collection  from  horizon  xix  (16-18 
mm)  to  the  36-mm  stage.  Palatal  closure 
occurs  at  about  the  30-mm  stage,  but,  be- 
cause of  the  small  number  of  embryos 
available  for  study  at  this  and  later  stages 
of  development,  only  8  of  the  46  sagittally 
sectioned  embryos  show  evidence  of  palatal 
closure. 

A  preliminary  survey  of  the  measure- 
ments obtained  for  the  length  of  the  two 
portions  of  the  cranial  base  and  of  Meckel's 
cartilage,  together  with  the  value  of  the 
angle  between  the  portions  of  the  base, 
suggests  that  palatal  closure  is  more  closely 
associated  with  an  increase  in  the  length 
of  Meckel's  cartilage  than  with  growth 
changes  in  the  cranial  base. 

Development  of  the  Heart 

The  pie xi form  phase  of  the  developing 
heart  of  embryos  at  21  ±  1  days.  F.  Orts 
Llorca,  of  the  Department  of  Anatomy, 
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Ciudad   Universitaria,  Madrid,  has  pub-  somites.  This  communication  does  not  yet 

lished,  in  Andes  del  Desarrollo,  an  analysis  exist  in  embryos  of  10  somites, 

of  the  endocardial  plexus  in  the  heart  of  The  cardiac  plexus  does  not  communi- 

the  early  human  embryo.  Inasmuch  as  this  cate  in  the  cranial  direction  with  the  vessels 

study,  coauthored  by  J.  Jimenez  Collado  already  formed,  making  it  unlikely  that 

and  D.  Ruano  Gil,  is  based  in  large  part  the  circulation  has  started.    Probably  the 

on  work  carried  out  during  Orts  Llorca's  beginning   of   the   circulation,   which   at 

recent  stay  in  the  Department  (see  Year  first  consists  only  of  a  circulating  acellular 

Book  59,  p.  356),  it  should  be  summarized,  fluid,  takes  place  in  man  2  or  3  days  after- 

The  heart  of  the  human  embryo  having  ward,  that  is  to  say,  in  embryos  of  24  days, 

3  to  4  somites  differs  from  that  of  other  between  13  and  20  somites,  belonging  to 

mammals  in  analogous  stages  by  the  exist-  horizon  xi. 

ence  of  an  endocardial  plexus.  Apparently  Development  of  the  ventricular  muscula- 
irregular  as  it  seems  to  be,  this  plexus  can  ture.  Robert  P.  Grant,  of  the  National 
be  divided  in  three  parts :  the  bulbar,  ven-  Institutes  of  Health,  has  been  studying  the 
tricular,  and  atrial.  At  first  the  plexus  is  steps  through  which  the  right  ventricular 
constituted  of  cellular  cords  which  sec-  outflow  musculature  develops  its  coupling 
ondarily  are  canalized,  showing  the  endo-  with  the  left  ventricular  musculature,  the 
cardial  cavities  separately;  afterward  they  two  musculature  systems  beginning  at  op- 
flow  together.  posite  ends  of  the  primary  heart  tube. 

By  dilatation  and  fusion  of  the  distinct 

parts  of  this  plexus  an  odd,  centrally  situ-  Development  of  the  Brain 

ated  cardiac  tube  is  formed.  This  process  _                     .          . 

begins    at   the   bulbar   region,   advancing  ,    In  co  laborauon  with  Anatole  S.  Deka- 

caudally  through  the  ventricular  one;  the  ba1n  °f.the  National  Institute  of  Neurologi- 

atrial  portions  continue  unfused   beyond  'al  ^lseasf  and   B hndness,  George  W. 

the  stages  that  interest  us.  Bartelmez  has  extended  his  analysis  of  the 

t„  ~,    ..  ~           i        ju-j-.jr  development  of  the  human  brain  to  cover 

In  most  mammals  and  birds,  instead  or  ,         K          c  9Q                               1V. 

this  plexiform  phase,  a  single  cardiac  tube  ~,            ^ ,.      l          .„        ,           "   .   ? 

,'e  c~L~~~A  •«        u    -a      of       c        -     «.u  lnese  studies  are  still  to  be  regarded  as 

is  formed  in  each  side;  these  ruse  in  the  ,.    .            ~,               ,  ..      .  6    ,       ... 

mid-line,  forming  a  single  cardiac  tube.  ?         .    .   Y'  c  ,   ^          ...        ,  °       ,  . 

^ri      i  «v         .  .     i  i    ?i       c             •  terentiation  or  the  neopallium  by  studying 

The  left  ventriculobulbar  rurrow  is  ac-  r,                   .          _,   r,      .        /     .    J  r° 

.     .  j           •                      _  .         r  4-u  "ber  connections.    1  he  landmarks  mus  tar 

centuated,  causing  an  asymmetry  or  the  ii-ii.ni             i       i     i     i 

i                'i  •         i °     .           r    i      i            .  established  will  have  to  be  checked  against 

heart  in  this  early  stage  or  development.  ,      r    «.         .                   .           .       ° 

Thus  it  is  unlikely  that  it  is  the  endo-  the  findinSs  ln  more  advanced  stages. 

cardium  that  limits  the  size  of  the  heart 

cavities;  it  is  probably  the  epimyocardium  The  Monkey  Colony 

itself.  During  the  year  Lawrence  R.  Wharton, 

Another  striking  characteristic  persists  Jr.,  Richard  W.  TeLinde,  and  Roger  B. 
to  the  10-  to  12-somite  stage :  the  pericardial  Scott  have  continued  using  the  rhesus 
cavity  is  wide,  and  the  future  heart  occu-  monkey  colony  to  study  several  different 
pies  only  a  small  part  of  it.  This  cavity  is  phases  of  reproductive  physiology.  For  ex- 
formed  like  a  horseshoe  with  a  dorsal  con-  ample,  TeLinde  and  Wharton's  recent 
cavity  that  embraces  the  ventral  face  of  the  publication  in  the  American  Journal  of 
pharynx.  Obstetrics  and  Gynecology  may  be  cited. 

It    continues    with    two    caudal    horns,  In  this  work  the  authors  discuss  the  difn- 

which  do  not  communicate;  the  truncal  cult  question  of  the  effect  of  pelvic  opera- 

intraembryonic  coelom  is  absent,  but  occa-  tions  on  ovarian  structure  and  function, 

sionally  traces  of  it  can  be  found  in  the  With  the  assistance  of  William  Cleary  and 

intermediate    portion    of    the    first    two  other  members  of  the  technical  staff,  six 
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monkeys  were  subjected  to  tubal  ligation, 
subtotal  hysterectomy,  and  total  hysterec- 
tomy. No  evidence  of  impairment  of 
ovarian  function  was  noted  as  evidenced 
by  derangement  of  follicular  or  corpus 
luteum  development,  maturation,  or  re- 
gression, nor  were  there  any  detectable 
ovarian  stromal  changes. 

During  the  past  year,  with  Roger  B. 
Scott  of  Cleveland,  TeLinde  and  Wharton 
have  been  continuing  two  other  investiga- 
tions. We  may  summarize,  first,  recent 
findings  in  their  long-term  study  of  endo- 
metriosis and  the  effect  of  various  hor- 
mones upon  it.  Attention  has  been  centered 
on  the  effect'  of  one  of  the  newer  pro- 
gesterone-like compounds,  17a-ethinyl-19- 
Nortestosterone  (Norlutin),  which  has 
been  given  to  female  rhesus  monkeys  with 
proven  endometriosis  over  a  course  of  6 
months,  the  monkeys  receiving  10  mg 
daily,  5  days  per  week,  by  injection.  The 
animals  capable  of  menstruation  showed 
amenorrhea  during  the  period  of  treat- 
ment, as  would  be  expected.  They  were 
explored  before  the  onset  of  treatment, 
after  3  months  of  treatment,  after  6  months 
of  treatment,  and  6  months  after  treatment 
had  ceased.  The  uterine  endometrium  was 
studied;  in  each  animal  evidence  was 
found  of  an  excellent  decidual  response 
within  the  first  3  months.  The  response 
continued  during  the  course  of  treatment, 
but  as  treatment  progressed  there  was  evi- 
dence of  decidual  inflammation  and  necro- 
sis. The  response  in  the  areas  of  endo- 
metriosis was  not  uniform,  however.  Some 
areas  showed  excellent  decidual  reaction 
with  almost  complete  ablation  of  the  endo- 
metrial glands,  whereas  other  areas  of 
endometriosis  showed  a  minimal  response. 
After  6  months  of  treatment  when  the  ani- 
mals were  re-explored  following  the  cessa- 
tion of  treatment  for  at  least  6  months, 
endometriosis  was  still  present  and  in- 
variably was  active.  In  some  areas  there 
was  a  mild  degree  of  periglandular  fibrosis. 
In  other  areas,  however,  the  endometriosis 
remained  as  active  as  it  had  been  before 
the  treatment.  From  this  study  to  date  it 


appears  that  the  use  of  synthetic  pro- 
gesterone-like substances  may  cause  tempo- 
rary changes  in  endometrial  implants,  but 
it  does  not  appear  that  long-term  bene- 
ficial effects  can  be  expected. 

Another  continuing  study  that  has  been 
under  way  for  the  past  several  years  is  on 
the  effect  of  progesterone  and  progesterone- 
like substances  on  monkey  fetuses  whose 
mothers  are  treated  during  pregnancy.  In 
previous  years  progesterone  was  given  in 
large  doses  to  the  pregnant  rhesus  monkey. 
All  infants  delivered  of  these  animals  were 
normal.  During  the  past  two  years,  how- 
ever, Norlutin  has  been  used,  with  differ- 
ent results.  As  soon  as  pregnancy  has  been 
established  after  controlled  mating,  each  fe- 
male is  started  on  Norlutin,  25  mg  intra- 
muscularly (5  days  a  week),  that  dosage 
being  maintained  until  delivery.  The  off- 
spring of  the  animals  so  treated  almost 
invariably  have  delivered  prematurely.  In 
addition,  the  majority  of  the  young  have 
been  stillborn.  The  male  offspring  of  such 
pregnancies  have  been  normal,  grossly. 
The  female  young  are  abnormal :  although 
uterus,  fallopian  tubes,  and  ovaries  are 
normal,  these  animals  have  masculinized 
external  genitalia  with  an  enlarged  phallus, 
a  penile  urethra  extending  to  the  end  of 
the  phallus,  and  a  vagina  which  does  not 
reach  the  perineum  but  communicates  with 
the  posterior  urethra  just  anterior  to  the 
vesical  sphincter. 

Other  research  programs  served  by  the 
colony  include  the  following: 

M.  E.  Avery,  Department  of  Pediatrics, 
Johns  Hopkins  Hospital,  received  aborted, 
stillborn,  and  newborn  infants  for  study 
of  respiratory  physiology;  S.  H.  Boyer, 
Department  of  Medicine,  Johns  Hopkins 
Hospital,  received  blood  withdrawn  at 
operation  for  determinations  of  alkaline 
phosphatase;  Don  Fawcett,  of  the  Depart- 
ment of  Anatomy,  Harvard  Medical 
School,  was  sent  2  healthy  young  males 
for  studies  of  sperm;  and  Margaret  Kelley, 
of  the  National  Institutes  of  Health,  re- 
ceived 3  young  infants  for  pharmacological 
studies. 
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APPARATUS  AND  TECHNIQUES 

Observations  on  the  Technique  of  Auto-     Requirement  of  Mg++  for  Tadpole  Growth 

radiography  Using  Melted  Nuclear  T  i     r,      .  . 

6    t  /    p     &,  .  In  attempting  to  grow  early  K.  pipiens 

embryos   in   defined   media,   Donald   D. 
The  technique  of  autoradiography  using      Brown  has  found  that  1/10  Holtfreter's  so- 
melted  nuclear  emulsion  has  been  investi-      lution,  a  commonly  employed  salt  solution, 


gated  for  the  source  of  certain  artifacts. 
Six-  to  8-micron-thick  paraffin  sections  of 
nonradioactive  rabbit  uterus  were  stained 
in  hematoxylin  and  eosin,  covered  by  a 
thin  or   thick  coat  of  nitrocellulose  and 


was  inadequate.  If  the  medium  is  changed 
frequently  and  no  food  is  added,  tadpoles 
uniformly  stop  growing  after  about  6  days 
(stage  21,  Shumway),  and  die  on  about 
the  7th  day  after  fertilization,  having  not 


Kodak  NTB3  emulsion,  and  processed.  In      Progressed  beyond  stage  21.  The  addition 


this  study,  Kulangara  has  shown  that 
artifacts  fall  into  two  major  categories, 
namely,  aggregates  of  silver  and  discrete 
grains.  The  aggregates  are  more  easily 
recognized  as  artifacts.    They  are  shown 


of  Mg++  at  a  final  concentration  of  10-6  M 
lengthens  their  life  by  about  2  days.  Higher 
concentrations  allow  normal  development; 
concentrations  as  high  as  10~2  M  have  been 
used  without  adverse  effects.  Embryos  can 
be  reared  in  the  absence  of  Mg++  to  Shum- 


to  arise  from  two  sources:    from  physi-  t        OA      i  ti        ,,•  •         t 

-         •       j     •       j    •         c  i  •  way  stage  20,  whereupon  the  addition  ot 


cal  strains  during  drying  of  an  emulsion 
layer  of  uneven  thickness;  and  from  chemi- 
cal interaction  between  stains  and  photo- 
graphic solutions.  Grains  occur  in  associa- 
tion  with    such   aggregates   and   also   in 


Mg++  allows  normal  development;  after 
stage  20,  however,  the  effect  of  Mg++ 
deprivation  is  irreversible.  Tadpoles  reared 
on  Mg++  and  then  deprived  after  stage 
21  die  in  3  to  4  days.    Adding  10"*  M 


clumps  over  nuclei.  All  these  artifacts  are  MgCj2  t0  j/jq  Holtfreter's  solution  gives 

prevented    by    imbedding   sections    in    a  a  defined  medium  which  enables  embryos 

uniform  coat  of  Harleco  synthetic  resin.  t0  be  raised  to  feeding  stages.    The  re- 

The  resin  layer  provides  an  even  surface  quirement  for  Mg++  cannot  be  replaced 

and  prevents  photographic  solutions  from  by    adding    inorganic    phosphate    to    the 

coming  into  contact  with  tissue.    A  con-  medium;    in    fact,    exogenous    phosphate 

venient  method  of  applying  the  required  seems    not   to    be    necessary   during   this 

thickness  of  resin  is  described.  period. 

STAFF  ACTIVITIES 


A  subject  of  discussion  whenever  sci- 
entists gather  is  the  ever-mounting  pressure 
of  activities  outside  the  laboratory,  the 
constant  stream  of  demands  on  their  time. 
Yet  activities  of  the  type  so  frequently  de- 
plored, conferences  and  symposia,  may  con- 
tribute importantly  to  the  development  of 
a  given  field,  especially  if  they  happen,  by 
accident  or  design,  to  fall  when  the  time  is 
ripe  for  a  new  synthesis,  leading  to  the 
emergence  of  a  new  approach. 

During  the  year,  David  W.  Bishop 
temporarily  curtailed  his  experimental 
studies  of  sperm  motility,  first,  to  sum- 
marize and  integrate  knowledge  in  the 


field  of  sperm  motility  in  a  critical  review 
now  in  press  in  Physiological  Reviews,  and, 
later,  to  organize  an  international  confer- 
ence of  specialists  to  discuss  present-day 
concepts  of  flagellar  motion.  These  discus- 
sions contributed  to  our  understanding  by 
raising  new  questions  about  distribution 
of  chemical  energy  sources  along  the  flagel- 
lum,  the  translation  of  this  chemical  energy 
into  mechanical  work,  the  presence  of  one, 
two,  or  even  more  contractile  proteins 
within  the  sperm  flagellum,  the  existence 
of  a  coordinating  as  well  as  a  contractile 
system  within  the  sperm,  and  the  hydro- 
dynamic  effect  of  one  motile  cell  on  the 
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motility  of  another  in  the  general  vicinity. 
A  significant  new  principle,  expressed  at 
the  symposium  in  Bishop's  paper  on  the  re- 
activation of  extracted  sperm-cell  models 
and  further  emphasized  by  Brokaw,  Nel- 
son, Pautard,  and  Tibbs,  is  the  concept 
that  sperm  have  an  oscillation  mechanism 
rather  than  a  discrete  series  of  contraction- 
relaxation  cycles.  The  evidence  acquired 
by  studies  of  isolated  and  glycerol-extracted 
invertebrate  and  mammalian  sperm  flagella 
indicates  that  a  balanced  system  of  two 
protein  complexes  provides  the  vibratory 
motion;  Pautard's  compelling  records  of 
oscillating  movements  of  extracted  acto- 
myosin-like  gels  from  fish  sperm  flagella 
suggest  that  a  single  or  combined  protein 
complex  accounts  for  sustained  vibratory 
motion.  Considerable  work  will  now  be 
required  to  resolve  this  and  other  questions 
concerning  the  mechanism  of  sperm  mo- 
tility and  its  relation  to  muscular  activity. 

The  proceedings  of  this  conference,  held 
in  New  York  under  the  auspices  of  the 
American  Association  for  the  Advance- 
ment of  Science  and  the  American  Society 
of  Zoologists,  are  being  published  by  the 
American  Association  for  the  Advance- 
ment of  Science,  Bishop  serving  as  editor. 

Staff  members  and  fellows  took  part  in 
several  other  international  meetings, 
among  them  the  Symposium  of  the  Inter- 
national Institute  of  Embryology,  held  in 
Pallanza,  Italy;  the  First  International 
Conference  on  Endocrinology  and  the 
Fifth  International  Conference  on  Polio- 
myelitis, both  held  in  Copenhagen;  the 
New  York  Heart  Association's  Symposium 
on  the  Myocardium,  Its  Biochemistry  and 
Biophysics,  convened  in  New  York;  the 
One  Hundredth  Anniversary  of  the  Boston 
Obstetrical  Society;  and  the  First  Inter- 
national Conference  on  Congenital  Mal- 
formations, in  London. 

Attention  was  focused  on  congenital 
malformations  at  several  other  conferences 
to  which  contributions  were  made,  in  Balti- 
more, Miami,  and  Newark.  Meetings  of 
professional   societies  in  which  members 


of  the  group  participated  included  the 
American  Association  of  Anatomists,  the 
American  Chemical  Society,  the  American 
Society  of  Zoologists,  Society  for  Experi- 
mental Biology  and  Medicine,  Society  for 
the  Study  of  Development  and  Growth, 
and  the  Teratology  Society. 

Advisory  and  consultative  services  in- 
cluded membership  on  the  editorial  boards 
of  the  American  Zoologist,  the  Biological 
Bulletin,  and  the  Journal  of  Embryology 
and  Experimental  Morphology,  the  board 
of  consulting  editors  of  Developmental 
Biology,  the  Cell  Biology  Study  Section 
and  the  Developmental  Biology  Training 
Committee  of  the  National  Institutes  of 
Health,  the  Visiting  Committee  for  the 
Department  of  Biology  of  the  Massachu- 
setts Institute  of  Technology,  the  Council 
of  the  American  Association  for  the  Ad- 
vancement of  Science,  the  Developmental 
Biology  Division  of  the  American  Society 
of  Zoologists,  and  committees  of  a  number 
of  organizations,  among  them  the  Marine 
Biological  Laboratory. 

The  lay  audience  was  not  neglected: 
One  member  of  the  group  presented  lec- 
tures in  the  Voice  of  America's  Forum 
Series  and  in  the  British  Broadcasting  Cor- 
poration's Third  Programme  Science 
Series.  Another  served  on  the  Scientific 
Council  of  the  Maryland  Academy  of 
Sciences. 

At  the  high  school  level,  members  of 
the  group  assisted  in  the  development  of 
the  AIBS  Biological  Science  Film  Series, 
both  in  advisory  capacities  and  by  actual 
participation  of  one  staff  member  as  a 
guest  lecturer  in  one  of  the  films.  Another 
staff  member  lectured  at  Gonzaga  High 
School,  Washington,  D.  C;  still  others 
before  the  Maryland  Association  of  Biology 
Teachers  and  the  Hunter  College  Alum- 
nae Association  High  School  Science 
Seminar  for  Baltimore  City  and  County 
Schools. 

Among  the  lectures  given  to  professional 
audiences  were  those  at  the  following  col- 
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leges  and  universities:  the  University  of 
Aberdeen,  Scotland;  the  Municipal  Uni- 
versity, Amsterdam;  the  Free  University, 
Brussels;  the  University  of  California  at 
Berkeley,  as  well  as  its  sister  institution  at 
Los  Angeles;  Cambridge  University;  the 
University  of  St.  Andrews,  Dundee,  Scot- 
land; the  University  of  Florida;  the  Uni- 
versity of  Hamburg,  Germany;  Haverford 
College;  the  University  of  York's  Down- 
state  Medical  Center;  St.  Mary's  Hospital 
and  St.  Thomas's  Hospital,  London; 
Swarthmore  College;  Syracuse  University; 
Temple  University;  and  the  University  of 
Virginia.  The  Argonne  National  Labora- 
tory, the  Rockefeller  Institute,  and  Sloan- 
Kettering  Institute  also  provided  platforms 
for  members  of  the  staff. 

On  the  teaching  front,  two  members  of 
the  Department  offered  a  course  in  de- 
velopmental  biology    during    the   second 


semester  at  Haverford  College;  they  and 
others  participated  also  in  teaching  pro- 
grams at  Swarthmore  College,  at  the  Uni- 
versity of  California  at  Los  Angeles,  and 
in  several  departments  of  the  Johns  Hop- 
kins University  and  School  of  Medicine, 
including  Anatomy,  Biology,  Medicine, 
Obstetrics  and  Gynecology,  and  Pediatrics. 
Seminars.  The  roster  of  speakers  at  the 
Seminar  organized  by  the  Department  to 
serve  all  those  working  in  developmental 
biology  in  the  area  included  Ronald  Berg- 
man, Johns  Hopkins  University  School  of 
Medicine;  J.  D.  Caston,  Brown  University; 
M.  Feldman,  Weizmann  Institute  of  Sci- 
ence, Rehovoth,  Israel;  H.  Herrmann,  Uni- 
versity of  Connecticut;  A.  St.  George 
Huggett,  St.  Mary's  Hospital  Medical 
School,  London;  F.  Strauss,  Bern  Univer- 
sity, Bern,  Switzerland;  J.  Tibbs,  Uni- 
versity of  St.  Andrews,  Dundee,  Scotland. 
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Fig.  4.  Two-dimensional  chromatogram  showing  ninhydrin-reactive  com- 
pounds in  acid-hydrolyzed  chloroform-purified  material  from  guinea  pig 
testes.  Material  hydrolyzed  with  4  N  HC1  for  24  hours  at  110°C  was  chro- 
matographed  on  paper  using  the  ascending  technique:  solvent  1,  w-butanol- 
acetic  acid-water  (4:1:1.5);  solvent  2,  methanol-water-pyridine  (20:5:1). 
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Fig.  5,  a-l.     Serial  photographs  of  an  embryo,   enlarged  from  time  lapse  film  46.    The  number  in 
the  upper  right  corner  of  each  photograph  refers  to  the  Hamburger-Hamilton  stage. 
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Fig.  6,  a-l.  Diagrammatic  tracings  of  the  photographs  in  plate  2,  illustrating  the  parts  of  the 
embryos.  Paraxial  mesoderm  (PAM)  and  its  derivative  somites  (S)  are  shown  with  hori- 
zontal hatching;  the  primitive  streak  (PS),  notochord  (N),  and  prechordal  plate  (PCP)  are 
stippled;  cardiac  mesoderm  in  the  left  and  right  heart-forming  regions  (LHFR  and  RHFR),  the 
heart  rudiments  (HR),  and  the  primitive  tubular  heart  are  drawn  with  vertical  hatching.  Folded 
and  tubular  structures  such  as  the  anterior  intestinal  portal  (AIP),  neural  folds  (NF),  neural 
tube  (NT),  and  heart  are  outlined  heavily,  as  are  the  somites.  The  parts  of  the  heart  shown  are 
the  conoventricular  region  (CV)  and  the  ventricle  (V).  The  numbers  1-4  in  the  right  heart- 
forming  region  represent  the  positions  of  four  specific  cell  clusters  (see  text).  The  two  closed 
circles  represent  particles  of  iron  oxide   adhering  to  the  endoderm. 
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Fig.  7.  Chick  embryo,  whole-mount  preparation,  treated  at  stage  6+ 
with  10  microliters  of  20  mM  sodium  citrate;  shows  the  endoderm 
denuded  from  the  area  pellucida,  and  the  crescentic  array  of  cardiac 
vesicles  (arrows).    X35. 
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Fig.  8.  Cross  section  through  cardiac  vesicles  of  an  embryo  similar  to  that  shown 
in  figure  7.  The  arrow  points  to  a  single  fragment  of  endoderm  adhering  to  the  surface 
of  one  of  the  heart  masses.    X200. 
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Fig.   10.     Egg   (host)   showing  "chimney"  in  place;  opening  cov- 
ered with  parafllm. 


Legends  for  plate   7 


Figs.  11,  12,  and  13.  Chorioallantoic  grafts 
obtained  by  combining  epidermis  from  the  back 
(mid-dorsum)  of  6-day  Silver  Campine  embryos 
with  dermis  from  the  foot  (tarsometatarsus)  of 
10-day  embryos.  Graft  in  figure  11  is  kept  sub- 
merged in  fresh  egg  albumen  throughout  its 
development  (7  days).  Note  long,  tapering, 
normal  down  feathers.  Grafts  in  figures  12  and 
13  were  not  submerged.  Abnormality  of  feathers 
is  clue  to  drying;  extreme  drying  effect  is  seen 
in  figure  12. 

Fig.  14.  Chorioallantoic  graft  showing  nor- 
mal scale  formation.    Obtained  from  combining 


epidermis  from  the  back  of  a  6-day  embryo  with 
dermis  from  the  foot  of  a  13-day  embryo.  Scales 
occasionally  bear  abortive  feathers. 

Fig.  15.  Graft  obtained  from  combining  older 
epidermis  (8-day,  back)  with  dermis  of  same  age 
used  in  figure  14.  Scales  are  absent;  feathers, 
numerous  and  abortive.  The  thin  epidermis  fol- 
lows the  contour  of  the  scale  ridges  of  under- 
lying dermis. 

Note:  Abortive  feathers  of  figures  14  and  15 
are  the  result  of  inductive  reactions  between  the 
epidermis  and  dermis.  Grafts  were  kept  sub- 
merged  throughout   growth   on   the   membrane. 
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Fig.  17.  Monkey  980.  Early  pregnancy  (day  87).  Radioangiograms  taken  5lA,  10, 
and  13  seconds  after  injection  of  dye.  Upper  row:  injection  in  relaxation.  Lower  row: 
injection  in  contraction.  No  spurts  are  seen  at  5/4  and  10  seconds  after  injection  in 
contraction.  Arrow  shows  faint  suggestion  of  spurts  at  13  seconds.  By  this  time 
uterine  relaxation  had  commenced. 
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Fig.  18.  Monkey  59-7.  Mid-pregnancy  (day  125).  Radioangiograms  taken  6/4,  10, 
and  12 '/4  seconds  after  injection  of  dye.  Upper  row:  injection  in  relaxation.  Lower 
row:  injection  in  contraction.  No  spurts  are  seen  at  6/4  seconds  after  injection  in  con- 
traction. The  appearance  at  12/4  seconds  after  injection  in  contraction  is  quite  similar 
to  that  at  6/4  seconds  after  injection  in  relaxation.  Note  that  different  arterioles  appear 
to  be  spurting  in  the  two  experiments,  which  were  performed  some  30  minutes  apart. 
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Fig.  19.  PCA  reactions  of  insulin-resistant 
antiserum  tested  against  crystalline  zinc-insulin 
antigen.  Dilution  series  1  to  1:128;  duplicate 
pair.  Sensitizing  intracutaneous  injection,  0.1  ml 
antiserum  per  spot;  challenging  intravenous  in- 
jection, 0.1   ml  plus  0.5  ml  Evans  Blue. 


Fig.  20.  Subdermal  view  of  skin  of  animal  1  (left) 
above.  Dilution  series  injected  in  order  indicated;  weak 
spot  with  1:128  dilution. 


Plate  11 
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Fig.  21.  Heat  stability  (56°C,  4  hr)  of  PCA-detectable  antibody 
in  insulin-resistant  serum.  Surface  view  of  duplicate  skins  injected 
as  indicated.  Spots  1  and  2,  untreated  sera  collected  on  different 
days;  4  and  5,  the  same  sera  after  incubation;  3  and  6,  untreated 
and  heated  normal  sera  from  nondiabetic  individual. 
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Fig.  22.  Cross  reactivity  of  anti-insulin  antibody,  formed  against  beef -pork 
insulin,  with  bovine  and  sheep  insulin  antigen.  Spots  3,  4,  and  5,  reactive 
sera  collected  after  booster  immunization;  1  and  2,  sera  taken  before  booster 
insulin;  6,  normal  serum.  Challenge  with  bovine  insulin  on  left  and  with 
sheep  insulin  on  right. 
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INTRODUCTION 

The  conceptual  framework  of  a  scien-  Above  all,  a  sense  of  immediacy  is  evident, 

tific  discipline  determines  to  a  large  extent  for  the  natural  sciences  continue  with  ac- 

the  direction  of  its  progress  and  its  ability  celerated  pace  to  outstrip  the  social  and 

to  integrate  the  findings  of  related  branches  political  sciences,  leaving  but  slight  hope 

of  knowledge  into  a  meaningful  body  of  for  the  reconciliation  of  divergent  points 

facts   and    theories.    Genetics,   motivated  of  view  unless  a  concerted  effort  is  now 

by  the  concept  of  the  gene,  has  fared  ex-  made  to  convey  to  those  responsible  for 

tremely  well  among  the  biological  sciences  fateful  decisions  the  need  for  application 

in  its  directional  focus  and  its  ability  to  to   problems   of   human   relations — many 

interpret  hereditary  mechanisms  in  organ-  of  which  are,  in  the  final  analysis,  biologi- 

isms  as  diverse  as   viruses,  molds,  mice,  cal    in    nature— the    pattern    of    scientific 

and  men.  The  mathematically  quantitative  thought,  with  its  emphasis  on  critical  eval- 

and  physiological  approaches  of  genetics,  uation  of  every  preconceived  assumption, 

when  combined  with  the  physically  quali-  premise,  or  prospect  of  momentary  gain, 

tative  and  descriptive  techniques  of  cytol-  Obligations  and  opportunities  thus  tran- 

ogy,  reveal  to  the  cytogeneticist  correla-  scend  the  satisfaction  occasioned  by  the 

tions  that  in  recent  years   have   reached  fact  that  genetics  occupies  at  the  moment  a 

down   to   the   molecular   level,   disclosing  commanding  position  in  directing  biologi- 

thereby  new  vistas  in  "ultrastructural  bi-  cal  thought  and  progress.  In  a  group  such 

ology."  as  ours  the  challenges  should  be  propor- 

In  this  renaissance,  grounded  in  the  tional  to  the  accomplishments  of  past  years 
discovery  of  the  role  of  nucleic  acids  in  con-  and  the  respect  accruing  to  the  Depart- 
trolling  inheritance,  physicists  and  chemists  ment  thereby.  Testifying  before  a  United 
have  joined  with  biologists  in  a  multi-  States  Senate  Subcommittee,  the  distin- 
pronged  approach  to  problems  of  gene  guished  geneticist  H.  }.  Muller,  when 
structure  and  function.  Modern  genetics  asked  by  Senator  Ernest  Gruening  whether 
thus  seems  capable  of  providing  the  pri-  there  is  "anywhere  an  institute  of  genetics, 
mary  stimulus  for  a  degree  of  interdisci-  where  something  more  than  a  course  or 
plinary  communication  and  scientific  uni-  two  is  given,"  replied  that  "there  is  the 
fixation  that  will  hasten  the  time  when  Carnegie  Institution  which  has  a  Depart- 
man  can  exert  a  large  measure  of  control  ment  of  Genetics  .  .  .  but  it  is  for  re- 
over  hereditary  processes  and  the  course  search,  not  for  courses."  Certainly,  the 
of  organic  evolution.  Department  has  long  enjoyed  a   unique 

Here  is  a  prospect  for  jubilance,  which  reputation  as  a  research  center  in  the  minds 
is  dimmed  by  the  realization  that  oppor-  of  many  individuals.  Experimentation  has 
tunities  will  arise  for  either  beneficent  or  been  the  prime  task  of  its  stafr*  members 
maleficent  action.  The  fruits  of  science  in  during  the  57  years  since  the  Department 
themselves  offer  no  assurance — as  the  was  established.  But  they  have  also  con- 
events  of  past  years  have  clearly  demon-  tributed  to  the  training  of  scientific  talent, 
strated — that  one  alternative  rather  than  at  both  professional  and  subprofessional 
the  other  will  be  chosen,  whether  judi-  levels;  and  the  facilities  of  the  Department 
ciously  or  inadvertently.  It  remains  for  have  been  made  available,  as  far  as  pos- 
the  geneticist  himself,  not  only  in  company  sible,  to  scientists  working  at  the  neighbor- 
with  his  fellow  scientists  but  in  concert  ing  Biological  Laboratory  and  in  the 
with  all  others  interested  in  human  destiny,  near-by  colleges.  It  would  seem  propitious 
to  exert  a  measure  of  influence  in  guiding  at  this  juncture  in  the  affairs  of  the  De- 
public    opinion    toward    wise    decisions,  partment,  when  reorganization  is  in  pros- 
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pect  through  the  appointment  of  a  new 
director  and  additional  staff  members,  to 
enumerate  and  assess  some  of  the  ancillary 
functions  of  the  past,  as  an  objective  basis 
for  evaluation  of  the  role  of  such  services 
in  the  further  growth  of  the  Department. 

Educational  Programs 

Research  assistants.  For  many  years — 
ever  since  Dr.  C.  B.  Davenport  served  as 
Director — it  has  been  the  policy  of  the  De- 
partment to  appoint  recent  college  gradu- 
ates as  research  assistants,  train  them  for 
a  period  of  two  years  or  so,  and  then  re- 
place them  with  others  seeking  laboratory 
experience.  Scientific  assistants  have  thus 
come  and  gone  in  fairly  large  numbers 
over  the  years.  How  many  of  them  have 
remained  in  scientific  work? 

An  attempt  to  answer  this  question  was 
undertaken  in  collaboration  with  Miss 
Agnes  Fisher.  Because  of  the  inadequacy 
of  earlier  records,  the  period  from  1933  to 
1960  was  chosen  for  examination.  During 
those  twenty-eight  years  149  research  as- 
sistants were  appointed,  92  women  and  57 
men  (during  the  war  few  men  were  avail- 
able for  these  posts).  The  subsequent  ac- 
tivities of  76  women  and  46  men  were  as- 
certainable. Among  these  122  individuals, 
at  least  60  now  have  one  or  more  advanced 
degrees;  we  found  a  record  of  49  doctor- 
ates, 14  master's  degrees,  and  2  R.N.'s.  In 
addition,  14  of  the  former  assistants  have 
carried  on  some  graduate  study  or  are 
still  working  for  a  degree.  Thus,  a  total  of 
74  out  of  122,  or  61  per  cent,  have  engaged 
in  graduate  work  at  one  time  or  another. 
An  even  larger  number,  72  per  cent,  are 
known  to  have  continued  in  some  scien- 
tific activity  after  leaving  Cold  Spring 
Harbor;  and  63  per  cent  are  still  involved 
in  such  activity.  Fifteen  individuals  have 
the  rank  of  full  professor,  or  the  equivalent, 
and  11  others  have  attained  associate  pro- 
fessorship level. 

This  is  an  impressive  record,  especially 
in  view  of  the  fact  that  at  least  49  of  the 
76  women  married  and  many  of  them  de- 


voted a  number  of  years  to  the  raising  of 
children.  Admittedly,  the  applicants  for 
assistantships  in  the  Department  belonged 
to  a  selected  group,  whose  interest  in  biol- 
ogy had  been  stimulated  and  sustained  by 
college  training.  Due  credit  must  accord- 
ingly go  to  the  teaching  staffs  of  the  in- 
stitutions from  which  they  came.  But  the 
finding  that  63  per  cent  (77/122)  have 
remained  in  scientific  work  suggests  that 
both  stimulation  and  motivation  were  af- 
forded by  a  period  of  residence  at  the  Cold 
Spring  Harbor  laboratories.  Viewed  in 
breadth,  the  experiment,  if  so  it  may  be 
called,  of  applying  research  assistantships 
to  the  training  of  young  biologists  has  been 
highly  successful  and  rewarding.  A  fur- 
ther measure  of  accomplishment  is  evi- 
denced by  the  detailed  record,  which  can- 
not be  presented  here  but  is  available  to 
anyone  interested  in  the  professional  con- 
nections of  the  individuals  enumerated 
above. 

Drosophila  educational  project.  Some- 
what less  amenable  to  objective  evaluation 
than  the  scientist-training  program  is  the 
Drosophila  educational  service.  Because  as 
a  rule  this  program  is  carried  out  by  mail, 
only  a  limited  degree  of  follow-through  is 
possible,  with  the  result  that  we  have  at 
best  a  general  estimate  of  the  success  of 
the  endeavor.  Yet,  when  the  few  letters 
of  appreciation  are  in  hand,  when  the  news 
of  science  fair  awards  reaches  our  atten- 
tion, when  we  recall  that  at  least  two  of 
our  correspondence  students  are  now  teach- 
ing genetics  in  colleges,  we  realize  that  in 
a  big  way  the  game  has  been  worth  the 
candle. 

It  all  started  very  modestly,  back  in  1935, 
when  a  Drosophila  melanogaster  stock  cen- 
ter was  established  at  the  Department  by 
Dr.  M.  Demerec.  Paralleling  in  scope  and 
function  the  center  already  existing  in 
Pasadena,  it  supplied  cultures  on  request 
to  research  workers  throughout  the  world. 
The  fact  soon  became  apparent,  however, 
that  stocks  of  mutant  flies  were  in  constant 
demand  also  for  college  instruction,  and, 
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more  important,  that  this  interest  was  seep-  these  came  from  the  New  York  City-Long 

ing  down  to  the  preparatory-school  level.  Island  area.  The  next-largest  demand  was 

Recognizing  the  need  for  a  direct  approach  from  New  Jersey  (7  per  cent) .  Illinois  and 

to  students  as  a  means  of  fostering  and  Pennsylvania  each  accounted  for  6  per  cent 

encouraging  scientific  talent,  Drs.  Demerec  of  the  total  requests;  California  and  Massa- 

and  Kaufmann  prepared  a  guide  for  intro-  chusetts  for  4  per  cent  each;  Iowa,  Mary- 

ductory  studies  of  genetics  and  cytology  land,  Michigan,  and  Ohio  for  3  per  cent 

of  Drosophila,  which  was  published  by  the  each. 

Institution  in  August  1940.    Now  in  its  Most  of  the  requests,  about  46  per  cent, 

seventh  edition   (20,000  copies,  of  which  were  made  by  high-school  teachers,  mainly 

about  4200  were  distributed  in  the  first  six  in  public  high  schools.  The  second-largest 

months    after   printing),    the   Drosophila  number,  34  per  cent,  came  from  high-school 

Guide  is   in   constant  demand   by  high-  students.    College  teachers  accounted  for 

school     students     interested     in     "special  14  per  cent,  and  college  students  for  3  per 

projects"  as  well  as  by  high-school,  college,  cent.   The  remaining  3  per  cent  included 

and  university  teachers,  both  in  this  coun-  requests  from  such  groups  and  individuals 

try  and  abroad.    A  quick   survey  of  the  as    the    following:    a    Traveling    Science 

Annual  Reports  of  the  Director  of  this  De-  Demonstration    Lecture    Program,    spon- 

partment  will  show  that  interest  in  the  sored  by  the  National  Science  Foundation; 

Drosophila  service  has   not  waned  since  an  NSF-sponsored  Summer  Science  Pro- 

the  project  was  started  in  1940.   In  1957-  gram  in  Genetics  for  secondary-school  stu- 

1958    Mrs.    G.    C.   Smith    sent    out    1211  dents,  held  at  Western  Illinois  University; 

Drosophila   cultures;    in    1958-1959,    1694  the    National    Commission    of    Nuclear 

cultures;  and  in  1959-1960,  1876  cultures.  Energy  of  Mexico;  a  Taiwan  University 

From  time  to  time,  news  of  the  availability  instructor  studying  in  New  York   on  a 

of  these  mutant  stocks  of  fruit  flies  appears  UNESCO  fellowship;  the  Government  of 

here  or  there  in  a  publication  read  by  high-  India  Ministry  of  Scientific  Research  and 

school  teachers    (as  in   an  article  in  the  Cultural  Affairs;  a  Senior  Science  Master 

February  1961  issue  of  The  American  Biol-  in  India;  a  Senior  Biology  Master  in  Tas- 

ogy  Teacher),  and  a  new  rash  of  requests  mania;  and  the  Science,  Mathematics,  and 

erupts  to  tax  our  facilities.  Foreign  Languages  Section  of  the  U.  S. 

What  has  happened  regarding  distribu-  Department   of   Health,   Education,    and 

tion  of  the  mutant  stocks  and  the  Guide  Welfare. 

since  publication  of  the  last  Annual  Re-  Considerable  amounts  of  time  and  work 

port,  or,  to  be  more  specific,  since  October  are  of  course  involved,  not  only  in  pre- 

15,  1960,  when  Mrs.  Jennie  Buchanan  as-  paring  and  shipping  so  many  healthy  cul- 

sumed  the  task  of  Curator  of  Drosophila  tures  of  pure  mutant  stocks  but  also  in 

Stocks  and  the  day-to-day  details  of  the  handling  a   large   number   of  individual 

project  came  more  directly  to  my  atten-  requests  for  information,  advice,  and  help, 

tion?  In  view  of  this  expenditure  of  effort,  we 

The  numerical  totals  are  substantially  have  attempted,  through  a  review  of  the 
larger  than  those  of  previous  years :  in  the  correspondence,  to  formulate  an  over-all 
eight  and  a  half  months  from  October  15  impression  of  the  probable  usefulness  and 
to  June  30,  Mrs.  Buchanan  sent  out  2704  value  of  the  project  to  teachers  and  stu- 
ffy cultures  and  about  505  single  copies  of  dents.  It  is  apparent,  in  the  first  place,  that 
the  Guide.  The  requests  came  from  48  a  fairly  large  number  of  college  instructors 
states  and  from  9  foreign  countries.  By  far  depend  on  the  service  for  a  yearly  supply 
the  largest  number  (30  per  cent)  were  of  mutant  stocks  to  be  used  at  a  particular 
from  New  York  State,  and  three-fifths  of  time  in  a  biology  or  genetics  course.  They 
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are  thoroughly  familiar  with  the  mutants  Drosophila  this  year :  three  first  prizes  and 

required,  the  experiments  planned,  and  the  an  honorable  mention  in  local  high-school 

methods  of  handling  Drosophila.  For  the  science  fairs;  two  firsts  and  one  third  in 

most  part,  the  requests  of  high-school  teach-  county  or  regional  fairs;  and  at  least  two 

ers,  who  are  the  recipients  of  nearly  half  the  entries,  one  of  which  took  a  fourth-place 

stocks  shipped  from  our  center,  also  reflect  award,  in  the  National  Science  Fair  at 

advance  planning  for   utilization   of  the  Kansas  City.   These  are  fairly  representa- 

material,  although  these  teachers  are  often  tive   of  the   recognized   accomplishments 

as    dependent   as    their    students   on    the  we  learn  of  in  any  one  year;  several  of  our 

help  offered  by  the  Drosophila  Guide.  At  correspondents    in    the    past    have    won 

the  high-school  level,  the  material  is  very  awards  in  the  nationwide  Westinghouse 

often  desired  for  a  "project,"  to  be  carried  Science  Talent  Search, 

out  by  one,  two,  or  several  students,  rather  But  our  mailbag  brings  us,  in  far  larger 

than  for  class  work.  Many  of  the  teachers,  numbers,  the  evidences  of  less  immediate 

as  also  the  students,  refer  to  science  fairs,  but  longer-lasting  achievements  and  bene- 

"science  days,"  and  so  forth.  A  gratifyingly  fits :  letters,  for  example,  from  a  college 

large  percentage  of  teachers  indicate  that  teacher  who  has  for  the  first  time  intro- 

the  Drosophila  work  has  by  now  been  in-  duced  a  laboratory  section  into  his  course 

corporated  as  a  regular  and  valuable  fea-  in    genetics;    from    the    numerous    high- 

ture  of  their  biology  programs;  many  of  school  teachers  who  have  been  enabled  to 

them  convey  thanks  for  previous  service,  give  their  students  a  "first-hand  experience 

or  mention  the  success  and  popularity  of  with  genetics";  from  the  teacher  writing  to 

the  experiments.  tell  us  about  former  students  who  began 

The  typical  requests  received  directly  the  simple  Drosophila  experiments  in  high 
from  high-school  students  indicate  that  school  and  are  now  enthusiastically  study- 
each  has  been  assigned,  or  has  chosen,  a  ing  biology  and  genetics  in  college.  Such 
"project,"  which  must  be  completed  within  testimonials,  no  less  than  the  constantly 
a  certain  period  of  time,  usually  for  exhibi-  growing  demand  for  this  service,  seem  to 
tion  at  a  science  fair.  It  is  often,  unfor-  emphasize  its  worth  as  an  educational  ven- 
tunately,  not  evident  that  the  student  has  ture — perhaps  fully  as  valuable  at  an  earlier 
any  well  planned  experimental  undertak-  level  as  the  program  of  assistantship  train- 
ing in  mind,  or  that  he  will  have  time  to  ing  for  college  graduates, 
complete  one  before  the  deadline.  A  very  Other  educational  services.  We  are  con- 
satisfactory  minority  of  the  students,  how-  tinually  responding  to  requests  for  illustra- 
ever — frequently  members  of  advanced  tive  material  for  books,  encyclopedias, 
biology  classes — show  a  background  of  magazines,  and  movie  and  television  films, 
preparation  for  special  work,  as  well  as  One  single  photograph  of  salivary-gland 
intelligence,  enthusiasm,  and  motivation,  chromosomes  of  D.  melanogaster  has  been 
They  usually  evidence  a  realistic  grasp  of  furnished  in  recent  years  to  approximately 
the  time  needed  for  breeding  and  crossing  200  authors  or  organizations,  including  the 
the  flies,  and,  in  contrast  to  the  "project-  British  Broadcasting  Corporation  and  the 
ridden"  majority  mentioned  above,  are  Bell  Telephone  Company,  who  used  it  in 
fairly  often  thinking  in  terms  of  long-range  their  television  programs, 
experimentation.  A  number  of  students  Situated  at  the  Nassau-Suffolk  county 
this  year  planned  to  continue  their  line,  surrounded  by  some  of  the  fastest- 
Drosophila  work  through  the  summer  va-  growing  communities  in  the  United  States, 
cation.  this  Department  provides  in  its  library  a 

We  know,  from  their  letters,  about  some  valuable  collection  of  current  literature  for 

of  the  more  tangible  rewards  gained  by  biologists  working  in  the  near-by  colleges — 

"our"  students  through  their  work  with  Adelphi,  Hofstra,   C.  W.  Post,   and  the 
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State  University  College  on  Long  Island—  nars  at  Mount  Holyoke  College,  Brown 
and  in  neighboring  hospitals,  including  University,  and  the  University  of  Dela- 
five  large  state  mental  institutions.  To  ware;  Dr.  McClintock  participated  in  the 
some  extent  the  services  offered  are  re-  NRC-sponsored  conference  on  Neurospora 
vealed  in  the  report  of  the  librarian,  sum-  genetics  at  La  Jolla;  and  Dr.  Hershey 
marized  later  in  this  section,  although  that  delivered  lectures  at  Harvard,  Purdue,  and 
tells  only  part  of  the  story,  since  many  Indiana  Universities, 
more  individuals  come  to  browse  and  to  The  Department  has  in  turn  called  on 
read  special  articles  than  to  request  the  scientists  from  other  institutions  to  par- 
privilege  of  borrowing  books  or  journals,  ticipate  in  its  seminar  program.    Visitors 

These  are  the  kinds  of  contacts  that  must  during  the  past  year,  when  Dr.  Eliza- 
be  nurtured  and  cultivated  if  we  are  to  beth  Burgi  served  as  Chairman  of  the 
effect  that  felicitous  rapport  between  the  Seminar  Committee,  included  the  follow- 
sciences  and  the  humanities  so  skillfully  ing :  Dr.  Chardra  Amarasingham,  Harvard 
portrayed  by  President  Haskins  in  Year  Medical  School;  Dr.  Charlotte  Auerbach, 
Book  59.  For,  left  to  itself  in  an  isolated  Institute  of  Animal  Genetics,  Edinburgh, 
community,  scientific  effort  tends  to  be  Scotland;  Dr.  Erwin  Chargaff,  Columbia 
funneled  into  the  narrow  provincialism  University;  Dr.  M.  Demerec,  Brookhaven 
that  emphasizes  technical  perfection,  leav-  National  Laboratory;  Dr.  Raphael  Falk, 
ing  unexplored  those  contiguous  areas  of  Hebrew  University,  Jerusalem;  Dr.  Irving 
science  and  the  arts  whose  appreciation  Finger,  Haverford  College;  Dr.  N.  H. 
and  evaluation  lead  to  the  integrated  and  Giles,  Yale  University;  Dr.  Edward  Glass- 
synthetic  endeavors  essential  for  sustained  man,  University  of  North  Carolina  Medi- 
creative  achievement.  cal  School;  Drs.  William  Hayes  and  R.  H. 

As  contacts  with  the  staffs  of  near-by  Pritchard,  M.R.C.  Microbial  Genetics  Re- 
colleges  have  been  strengthened,  members  search  Unit,  Hammersmith  Hospital,  Lon- 
of  our  group  have  been  called  on  time  and  don;  Dr.  N.  O.  Kaplan,  Brandeis  Uni- 
again  to  utilize  their  special  talents  in  versity;  Dr.  Friedrich  Keiter,  Laboratory 
student-training  programs  at  the  post-  of  Anthropology,  Hamburg;  Dr.  Julius 
graduate  level.  Thus,  during  the  past  year  Marmur,  Brandeis  University;  Drs.  John 
Dr.  Gay  and  Dr.  Kaufmann  have  partici-  and  Betty  Moore,  Columbia  University; 
pated  in  courses  in  cytology,  radiation  Dr.  C.  S.  Rupert,  Johns  Hopkins  Univer- 
biology,  and  genetics  at  Adelphi  College,  sky;  Dr.  G.  L.  Stebbins,  University  of 
Two  graduate  students  of  that  college,  California;  Dr.  Dale  Steffensen,  Brook- 
Miss  Alice  Akey  and  Mr.  William  Per-  haven  National  Laboratory;  and  Dr.  N.  D. 
reault,  sought  and  gained  permission  to  Zinder,  Rockefeller  Institute  for  Medical 
utilize  our  facilities  in  undertaking  the  re-  Research.  These  seminars,  together  with 
search  required  for  their  M.S.  degrees.  tne  meetings  in  which  staff  members  of 
Carried  out  under  Dr.  Gay's  supervision,  tnis  Department  and  the  Biological  Labo- 
their  projects  have  been  completed  and  the  ratory  discussed  individual  research  pro- 
degrees  granted;  the  findings  are  sum-  grams>  provided  opportunities  for  consid- 
manzed  elsewhere  in  this  report.  eration  o£  current  progress  and  trends  in 

genetics. 

Cooperative  Activities  As  in  previous  years>  the  Department 

Requests  of  a  similar  nature  from  more  made  the  facilities  of  the  Lecture  Hall 

remote  institutions  have  persuaded   staff  available  to  the  Biological  Laboratory  for 

members  to  discuss  their  research  programs  its  annual  Cold  Spring  Harbor  Symposium 

in  various  parts  of  the  country.    During  on  Quantitative  Biology.  The  twenty-sixth 

recent  months,  Dr.  Gay  conducted  semi-  Symposium,  "Cellular  Regulatory  Mecha- 
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nisms,"  was  held  June  4  to  12,  1961.  It  in- 
volved some  50  program  participants,  and 
was  attended  by  more  than  200  visitors  in 
addition  to  staff  members  of  the  two  Cold 
Spring  Harbor  institutions. 

In  another  aspect  of  collaborative  effort, 
the  Biological  Laboratory  assigned  for 
work  in  this  Department,  during  the  sum- 
mers of  1960  and  1961,  several  of  the  college 
students  taking  part  in  its  NSF-sponsored 
Undergraduate  Research  Participation  Pro- 
gram. The  students  assigned  in  1960  were 
Miss  Alice  Nilsson  of  Alfred  University 
and  Mr.  Philip  Colbert  of  Wesleyan  Uni- 
versity; those  in  1961  were  Miss  Mari- 
etta M.  Cassle  of  Indiana  University  and 
Miss  Kirsten  Olsen  of  Wells  College.  All 
four  worked  in  Kaufmann's  laboratory  as 
part  of  their  training. 

The  Biological  Laboratory's  series  of 
advanced  courses  for  research  workers 
brought  to  Cold  Spring  Harbor  in  the 
summers  of  1960  and  1961  a  considerable 
number  of  outstanding  scientists,  whose 
presence  contributed  greatly  to  the  pro- 
fessional atmosphere  in  both  laboratories. 
Although  not  enrolled  in  these  courses, 
staff  members  of  the  Department  were 
privileged  to  attend  the  seminars  and  lec- 
tures, delivered  by  some  thirty  distin- 
guished workers  active  in  the  fields  repre- 
sented, namely,  bacterial  genetics,  bacterial 
viruses,  and  animal  viruses.  The  lectures 
and  seminars  were  held  in  the  Lecture  Hall 
of  the  Department. 

During  three  weeks  in  August  1960, 
members  of  our  staff  took  an  active  part  in 
a  Summer  Conference  for  College  Teach- 
ers conducted  by  the  Biological  Laboratory 
under  the  sponsorship  of  the  National  Sci- 
ence Foundation.  Lectures  were  given  by 
Drs.  Gay,  Kaufmann,  McClintock,  and 
Streisinger.  The  annual  Phage  Meeting, 
organized  by  Dr.  Hershey  with  the  assist- 
ance of  Dr.  Burgi,  was  held  at  the  labora- 
tories August  29  to  31,  with  an  attendance 
of  about  100  workers  in  the  field  of  bacte- 
rial viruses.  An  issue  of  the  mimeographed 
bulletin  Phage  Information  Service,  con- 


taining abstracts  of  the  talks  presented  at 
the  meeting,  was  subsequently  prepared  at 
this  Department. 

The  departmental  program  was  aug- 
mented during  the  year  by  the  presence  of 
a  number  of  fellows  and  guest  investiga- 
tors. Dr.  Hugh  John  Cairns,  of  the  Aus- 
tralian National  University,  spent  the  year 
working  with  Hershey.  Another  tempo- 
rary member  of  the  Hershey  group  was 
Dr.  Fred  R.  Frankel,  U.  S.  Public  Health 
Service  Fellow.  Working  with  Gay  and 
Kaufmann  were  Dr.  Kathryn  E.  Fuscaldo, 
formerly  a  research  assistant  in  the  Depart- 
ment and  now  Assistant  Professor  of  Bi- 
ology at  St.  John's  University  in  Brooklyn, 
and  Dr.  Victor  R.  Larsen,  Professor  of 
Biology  at  Adelphi  College,  on  leave  to 
pursue  electron-microscope  studies  of  slime 
molds.  Drs.  C.  A.  Thomas  and  I.  Ruben- 
stein,  of  the  Department  of  Biophysics, 
Johns  Hopkins  University,  made  brief 
visits  to  Cold  Spring  Harbor  in  order  to 
carry  out  experimental  work  in  coopera- 
tion with  Hershey  and  his  group.  Dr.  Ber- 
wind  N.  Kaufmann,  of  the  Moore  Clinic, 
Johns  Hopkins  Hospital,  spent  some  days 
in  the  laboratory,  testing  the  effects  of 
nucleic  acid  base  analogues  on  human 
chromosomes  growing  in  culture  medium. 
The  opportunity  afforded  our  group  to 
learn  the  techniques  involved  in  culturing 
leucocytes  obtained  from  the  peiipheral 
blood  had  its  advantages,  for  in  view  of  the 
growing  interest  in  human  genetics,  par- 
ticularly the  correlation  of  chromosome 
number  with  certain  types  of  physical  and 
mental  abnormalities,  our  cytologists  have 
been  called  on  repeatedly  by  physicians  in 
near-by  hospitals  for  help  in  diagnostic 
analyses  of  human  chromosome  complexes. 

During  the  past  year  Dr.  McClintock 
again  held  an  appointment  as  Research 
Associate  in  Zoology  of  Columbia  Univer- 
sity; and  Drs.  McClintock,  Gay,  and  Kauf- 
mann as  Guest  Investigators  at  Brook- 
haven  National  Laboratory.  The  two  last- 
named  members  have  also  continued  to 
serve  on  the  editorial  staff  of  Biological 
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Abstracts.  In  addition,  Kaufmann  has 
functioned  as  an  Associate  Editor  of  The 
Nucleus  (published  in  India)  and  of  the 
International  Journal  of  Radiation  Biology 
(published  in  England);  as  a  member  of 
the  Executive  Committee  of  the  Division 
of  Biology  and  Agriculture  of  the  National 
Research  Council;  and  as  President  of  the 
Genetics  Society  of  America.  Hershey  has 
served  on  the  editorial  boards  of  Genetics, 
the  Journal  of  Molecular  Biology,  and 
Virology. 

The  Library 

Between  August  1,  1960,  and  June  30, 
1961,  352  books  were  added  to  the  Depart- 
ment library :  79  by  purchase,  32  by  gift  or 
exchange,  and  241  by  binding  of  recent 
periodicals.  The  total  number  of  volumes 
now  catalogued,  exclusive  of  unbound  pub- 
lications, stands  at  about  20,000. 

The  Department  received  interlibrary 
loan  service  from  the  Albert  Mann  Library 
in  Ithaca,  Brookhaven  National  Labora- 
tory, Columbia  University,  the  New  York 
Academy  of  Medicine,  the  New  York  State 
Library  in  Albany,  and  Pennsylvania  State 
Agricultural  Library.  In  turn,  our  inter- 
library  loan  facilities  were  made  available 
to  the  Boston  University  Library,  Brook- 
haven  National  Laboratory,  Central  Islip 
State  Hospital,  C.  W.  Post  College,  Duke 
University,  the  Glen  Cove  Community 
Hospital,  the  New  York  State  Psychiatric 
Institute,  Republic  Aviation  Corporation, 
Roswell  Park  Memorial  Institute,  Rutgers 
University,  the  State  University  Agricul- 
tural and  Technical  Institute  in  Farming- 
dale,  the  State  University  College  on  Long 
Island,  Time  and  Life  magazines,  the 
Waldemar  Medical  Research  Foundation, 
and  the  Wilbur  Cross  Library  in  Storrs, 
Connecticut. 

Personal  use  of  the  library  was  made  by 
56  members  of  the  1960  summer  courses  at 
the  Biological  Laboratory,  in  a  total  of  319 
visits.  Other  visitors  were  from  Canada, 
Denmark,  England,  Puerto  Rico,  and 
many  parts  of  the  United  States.    Long 


Island  visitors  included  staff  members  from 
Central  Islip  State  Hospital,  Creedmoor 
State  Hospital,  Glen  Cove  Community 
Hospital,  Plum  Island  Laboratory,  and  the 
Waldemar  Medical  Research  Foundation, 
as  well  as  students  from  Adelphi  College, 
C.  W.  Post  College,  Hofstra  College,  and 
the  State  University  College  on  Long 
Island,  the  largest  number  of  students  com- 
ing from  Adelphi  College. 

About  half  the  total  number  of  books 
and  periodicals  loaned  during  the  year 
were  borrowed  by  investigators  and  visitors 
at  the  Biological  Laboratory.  In  the  sum- 
mers of  1960  and  1961  that  Laboratory, 
with  the  aid  of  a  grant,  helped  to  maintain 
supplementary  library  services  during 
evenings  and  weekends  throughout  the 
summer  period,  for  the  benefit  of  students 
in  the  courses  in  bacterial  genetics,  bacterial 
viruses,  and  animal  viruses,  and  the  1960 
Summer  Conference  for  College  Teachers. 
Miss  Ann  Carroll  served  as  assistant  librar- 
ian during  these  extra  hours  of  coverage. 

Research  Programs 

Although  the  ancillary  functions  men- 
tioned above  have  played  an  important  role 
in  the  growth  and  increased  stature  of  the 
Department  over  the  years,  its  reputation, 
as  H.  J.  Muller  pointed  out,  rests  primarily 
on  the  scientific  contributions  of  its  staff 
members.  It  is  a  privilege  to  record  at  the 
end  of  another  "academic  year"  that  the 
sustained  and  enthusiastic  activities  of  the 
staff  have  resulted  in  several  significant 
findings,  which  broaden  considerably  the 
perspective  for  viewing  and  interpreting 
the  operation  of  genetic  mechanisms. 

Dr.  Hershey  and  his  associates  have 
developed  methods  for  isolating  and  char- 
acterizing DNA  so  as  to  avoid  artificial 
breakage  of  the  molecules.  Radioauto- 
graphic  measurements  of  the  molecular 
weight  of  T2  DNA,  made  in  collaboration 
with  Drs.  Rubenstein  and  Thomas,  show 
that  there  is  one  molecule  per  phage  par- 
ticle. Its  molecular  weight  is  130  million, 
calling  for  a  length  of  about  60  microns  in 
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accordance    with    the    theoretical   double         Continuing  her  studies  of  systems  that 

helix.  The  length,  as  visualized  on  radio-  control  gene  action  in  maize,  Dr.  McClin- 

autographs,  is  52  microns;  and  thus  the  tock  has  identified  and  examined  this  year 

phage  chromosome  is  a  close  approxima-  three  additional  examples  of  the  two-ele- 

tion  to  an  ideal  unimolecular  structure.  ment  Suppressor-mutator   (Spm)   system. 

Dr.  McDonald  has  succeeded  in  purify-  These  studies  have  confirmed  previously 

ing    deoxyribonuclease    II    from    salmon  drawn  conclusions  about  the  highly  specific 

testes.  The  procedures  employed  were  de-  types  of  control  exerted  by  this  system  and 

signed    to    remove    specifically    all    other  about  the  mode  of  operation  of  control 

enzymes  capable  of  degrading  nucleic  acids  systems  in  general.  It  appears  that  the  re- 

or  their  split  products,  leaving  as  much  of  sponse  0f  a  gene?  regardless  of  its  primary 

the  deoxyribonuclease  as  was  practicable:  product,  is  governed  by  the  action  of  a 

they  separate  the  deoxyribonuclease  activity  particuiar  system  0f  controlling  elements, 

from   that   of   ribonuclease,    phosphatase,  one  o£  whkh  must  be  nt  at  the  1qcus 

phosphodiesterase,    and    protease.     More  0£  the  gene  itsel£.    This  first  element  di- 

than  50  per  cent  of  the  deoxyribonuclease  r£cd    comwh  ±&  sion  o£  the 

activity   present  in  the  testes  is  retained,  <^u  ■  ••£•-. 

.  ,     J    r         „        .  ,  ,  inAAA  f  ,  ,  Changes  in  expression  arise  trom  its  re- 

with  an  over-all  enrichment  or  10,000-rold.  t        j        j.  .        .    ,       , ,      , 

A      t    .      r  ,i  -r    i  .11  i  sponse  to  altered  conditions  induced  by  the 

Analysis  or  the  purihed  material  by  zonal  r       ,    ,  r   ,  .  .  .  J 

density  gradient  electrophoresis  shows  that  SeCOnd  elem?n \oi  th(\  system'  whlch  m^ 
more  than  90  per  cent  of  the  protein  is  °5  ™? . not  be  located  near  the  gene-asso- 
deoxyribonuclease.  ciated  element  ln  the  chromosome  comple- 
te enzyme  degrades  DNA  from  such  m^\  \n  Studle1s  °f  the/*T  system  of 
diverse  sources  as  calf  thymus,  salmon  ,whlch  ^!?,1S  the  second  element,  it  has 
testes,  and  phage  T2H  at  similar  rates.  Its  been  P0SSlble  to  demonstrate  that  plants 
rate  of  degradation  of  heat-denatured  carrying  two  or  more  genes  whose  expres- 
DNA,  however,  is  only  one-tenth  the  rate  slon  1S  under  the  contro1  of  the  system 
of  degradation  of  native  DNA.  In  this  it  exhlblt  Parallel  response  of  each  of  the 
differs  from  pancreatic  deoxyribonu-  genes  to  SPm-  Thls  Ending  agrees  with  a 
clease  I,  which  hydrolyzes  heat-denatured  similar  demonstration  made  earlier  in 
DNA  at  70  per  cent  of  the  rate  of  hydroly-  studies  of  another  two-element  control  sys- 
sis    of   native    DNA.     Complete    kinetic  tern,  Ds-Ac. 

studies  are  required  before  it  can  be  de-         The  significance  of  the  foregoing  type  of 

cided  whether  the  differences  in  rates  of  analysis,    initiated    many    years    ago    by 

hydrolysis    of   native    and    of    denatured  McClintock,  was  brought  into  sharp  focus 

DNA  are  due  to  differences  in  the  num-  by  the  recent  Cold  Spring  Harbor  Sym- 

ber  of  strands  in  the  DNA  molecules.  Like  posium    on    Cellular    Regulatory   Mecha- 

pancreatic  deoxyribonuclease  I,  however,  nisms,  which  emphasized  its  importance 

DNase  II  does  not  degrade  apurinic  acid,  in  directing  the  present  investigations  of 

nor  does  it  inactivate  phage  T2H.  comparable  mechanisms  in  bacteria. 

The  enzyme  is  most  stable  in  the  pH  The  approach  of  Drs.  Gay  and  Kauf- 
range  4.3  to  5.3,  with  maximal  activity  at  mann  and  their  associates  to  problems  of 
4.8.  Electrolytes  are  essential  for  expression  inheritance  and  variation  has  been  directed 
of  its  activity;  but  above  a  certain  optimum  toward  specification  of  the  changing  pat- 
concentration,  specific  for  each,  all  electro-  terns  in  chromosomal  and  cytoplasmic  fine 
lytes  are  inhibitory.  There  is  a  marked  structure  that  occur  in  higher  organisms  as 
interdependence  between  the  mechanisms  they  grow  and  differentiate.  Electron  mi- 
of  activation  of  the  enzyme  by  hydrogen  croscopy  has  revealed  a  remarkable  series 
ions  and  by  electrolytes.  of  modifications  in  cytoplasmic  organelles 
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(luring  growth  of  the  stigma  cells  of 
Tradescantia  and  development  of  the  Plas- 
modium and  fruiting  bodies  of  the  slime 
mold  Physarum.  An  extract  of  the  micro- 
spores of  Tradescantia  has  been  character- 
ized biochemically  in  an  effort  to  determine 
the  nature  of  the  materials  responsible  for 
spiralization  of  the  chromosomes. 

Chromosomal  DNA  has  been  identified 
in  the  primary  spermatocytes  of  Drosoph- 
ila  by  fluorescence  microscopy  and  radio- 
autography,  and  has  been  assayed  spectro- 
photometrically,  although  these  cells  show 
little  or  no  coloration  with  basic  dyes  and 
have  at  times  been  regarded  as  devoid  of 
DNA.  The  long-sought  mutagenic  agent 
having  specificity  of  action  on  genetically 
essential  chromosomal  materials  has  been 
found  in  deoxyribonuclease.  Its  ability  to 
produce  not  only  gene  mutations  but  also 
chromosomal  rearrangements,  which  in- 
volve proteins  as  well  as  DNA,  raises  many 
questions  about  its  specific  mode  of  action. 


Cytochemical  and  radioautographic 
methods  have  been  applied  to  identify  a 
type  of  chromosomal  RNA  that  represents 
an  appreciable  and  constant  component  of 
heterochromatin  and  accumulates  only  in 
the  euchromatic  parts  of  chromosomes  as 
they  condense  and  assume  a  state  of  "tem- 
porary heterochromatism."  The  role  of 
heterochromatin  has  been  brought  into 
focus  by  an  immunogenetic  analysis  of 
variegation  in  Drosophila,  which  revealed 
a  change  that  occurs  in  an  antigen  when 
the  white  locus  is  brought  by  chromosomal 
rearrangement  into  the  proximity  of  het- 
erochromatin. Evidence  has  been  adduced 
from  cytochemical  studies  that  chromo- 
somes contain  a  type  of  structural  RNA, 
which  probably  connects  chains  of  DNA 
molecules.  It  is  suspected  that  RNA  plays 
a  part  in  modifying  the  frequency  of  cross- 
ing over  when  Drosophila  females  are  ex- 
posed during  the  period  of  oogenesis  to 
near-infrared  radiation. 


GROWTH  AND  INHERITANCE  IN  BACTERIOPHAGE 

A.  D.  Hershey,  Elizabeth  Burgi,  H.  J.  Cairns,  Fred  Fran\el,  and  Laura  Ingraham 


Our  efforts  are  directed  at  present  to- 
ward an  elucidation  of  the  gross  structure 
of  DNA  molecules  isolated  from  phage 
particles.  We  hope  that  methods  may  be 
developed  suitable  for  testing  the  hypothe- 
sis of  collinearity  between  the  molecular 
structure  of  DNA  and  the  linkage  map  of 
the  chromosome.  The  results  reported  be- 
low show  that  the  phages  provide  favorable 
materials  for  this  purpose.  In  short,  we 
find  that  DNA  can  be  extracted  from  T2 
to  yield  a  single  molecule  per  phage  par- 
ticle. The  molecular  weight  is  130  million, 
and  the  molecules  measure  about  50  |j  in 
length,  in  agreement  with  expectations  for 
a  double  helical  structure.  Other  phages 
also  appear  to  contain  a  single  molecule  of 
DNA,  in  keeping  with  the  genetic  results 
calling  for  a  single  chromosome. 

Dr.  Cairns,  on  leave  from  the  Australian 
National  University,  joined  our  group  for 
a  year  as  a  fellow  of  the  U.  S.  Public 
Health  Service.  Dr.  Frankel  holds  a  post- 


doctoral fellowship  from  the  same  agency, 
which  also  contributes  a  grant  (C-2158)  in 
support  of  our  research. 

The  DNA  of  Phage  T2 

Last  year  we  reported  that  DNA  could 
be  extracted  from  particles  of  phage  T2  in 
the  form  of  uniform  molecules  of  high 
molecular  weight,  and  that  the  molecules 
could  be  broken  successively  into  halves 
and  quarters  by  subjection  to  critical  rates 
of  hydrodynamic  shear.  In  collaboration 
with  Dr.  I.  Rubenstein  and  Dr.  C.  A. 
Thomas,  Jr.,  of  Johns  Hopkins  University, 
we  have  now  measured  the  molecular 
weight  of  these  materials. 

The  measurements  were  made  by  auto- 
radiography of  DNA  labeled  with  radio- 
phosphorus  of  high  specific  activity  (Levin- 
thai).  When  labeled  phage  particles  or 
DNA  molecules  are  imbedded  in  a  "nu- 
clear" emulsion,   the  emitted   (3  particles 
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produce  tracks  which,  radiating  from  a 
point  source,  give  rise  to  characteristic  star- 
like figures.  A  count  of  the  average  num- 
ber of  rays  per  star  measures  the  number 
of  radioactive  atoms  per  particle,  which,  if 
the  specific  radioactivity  of  labeling  is 
known,  is  simply  related  to  the  mass  of 
DNA  in  the  particles.  In  our  experiments, 
the  specific  radioactivity  of  the  phosphorus 
fed  to  the  phage-bacterial  culture  was 
measured  directly,  and  then  checked  in  the 
phage  particles  themselves  by  observation 
of  their  rate  of  "suicide." 

The  molecular  weight  of  isolated  T2 
DNA,  calculated  for  the  sodium  salt, 
proved  to  be  130  million,  and  the  phage 
particles  were  shown  to  contain  a  like 
amount  of  DNA  per  particle.  Therefore, 
all  the  DNA  in  a  particle  is  contained  in 
a  single  piece.  This  conclusion  was  reached 
simultaneously  with  our  work  by  Davison, 
Levinthal,  and  their  colleagues. 

It  would  be  good  to  know  something 
about  the  organization  of  the  piece  of 
DNA  in  T2.  Since  it  shows  a  relatively 
small  sedimentation  coefficient  (63  sved- 
bergs,  as  compared  with  750  to  1000  for 
phage  particles  with  only  twice  the  mass) 
and  a  high  intrinsic  viscosity  (250  dl/g), 
it  is  an  extended  structure,  as  is  also  indi- 
cated by  its  extreme  sensitivity  to  mechani- 
cal breakage.  The  molecules  are  rapidly 
broken  in  two  at  stirring  speeds  of  about 
500  rpm  in  ordinary  laboratory  stirrers. 
Moreover,  they  do  not  exhibit  preferential 
breakage  points,  but  can  be  broken  any- 
where at  a  stirring  speed  inversely  propor- 
tional to  the  1.4  power  of  the  length  of 
the  resulting  fragments.  The  molecules 
are  stable  on  heating,  however,  approxi- 
mately as  would  be  expected  for  DNA  of 
conventional  structure. 

What  is  the  actual  length  of  the  mole- 
cules? Cairns  succeeded  in  obtaining  fine- 
resolution  autoradiographs  of  DNA  mole- 
cules labeled  with  tritiated  thymine.  In 
spite  of  many  difficulties  in  getting  the 
molecules  properly  stretched  out,  he  could 
recognize  a  characteristic  length  of  about 


52  u.  This  agrees  with  the  length  (44  to 
62  u,  depending  on  water  content)  ex- 
pected for  a  molecular  weight  of  130  mil- 
lion according  to  the  accepted  double  heli- 
cal structure.  An  autograph  of  the  labeled 
molecules  is  reproduced  in  plate  1. 

Michael  Beer  at  Johns  Hopkins  Univer- 
sity has  developed  a  method  for  visualizing 
long  molecules  in  the  electron  microscope. 
Obtaining  statistically  significant  lengths  in 
this  way  is  very  difficult,  but  our  quarter 
molecules,  at  least,  show  in  his  hands  about 
the  proper  length-to-mass  ratio  for  a  two- 
stranded  helical  structure. 

From  the  evidence  cited  above  and  from 
previously  known  facts,  we  conclude  that 
the  particle  of  T2  contains  a  single  mole- 
cule of  DNA  whose  molecular  weight  is 
130  million  (±15  per  cent  or  so),  and 
that  the  molecule  can  be  described  as  a 
two-stranded  polynucleotide  helix.  If  the 
molecule  is  composed  of  subunits  joined 
by  bonds  of  unknown  kind,  these  are  at 
least  as  strong  as  the  phosphodiester  bonds. 

Physicochemical  Measurements  of 
Molecular  Weight 

Apart  from  their  biological  interest,  the 
phages  provide  unique  materials  for  the 
study  of  nucleic  acids,  for  several  reasons, 
the  first  being  the  ease  of  extraction  of  the 
DNA.  Existing  methods  for  the  isolation 
of  DNA  call  for  stirring  or  shaking,  which 
can  be  done  without  breaking  the  DNA 
only  when  the  concentration  of  DNA  in 
the  solution  is  high,  a  fact  that  we  have 
signalized  by  the  term  self -protection.  On 
the  other  hand,  deproteinization  without 
loss  of  DNA  requires  a  solution  of  low 
protein  content.  Owing  to  the  high  DNA- 
to-protein  ratio  of  the  particles,  the  phages 
meet  the  practical  requirements  for  success- 
ful extraction  of  DNA  very  well. 

A  second  advantage  lies  in  the  diversity 
of  phage  species  available,  each  containing 
its  unique  DNA.  Furthermore,  if  we  may 
anticipate  the  generalization  that  all  phages 
contain  a  single  molecule  of  nucleic  acid, 
the  molecular  weight  of  the  nucleic  acid 
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can  be  determined  independently  of  other 
methods  by  measuring  the  DNA  content 
per  particle.  We  stress  this  point  because, 
in  the  past,  molecular  weights  of  DNA 
could  be  measured  only  by  methods  largely 
insusceptible  of  check.  The  high  molecular 
weight  of  the  phage  DNA's,  which  at  first 
seemed  an  obstacle  because  the  conven- 
tional methods  of  measurement  were  not 
applicable  to  them,  now  appears  to  be  a 
boon. 

Finally,  the  DNA  molecules  from  T2 
are  structurally  and  functionally  uniform, 
and  the  same  is  likely  to  be  true  of  other 
phages  but  not,  as  far  as  is  known,  of 
DNA's  from  other  sources. 
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Fig.  1.  Relation  of  sedimentation  coefficient, 
s,  and  intrinsic  viscosity,  [/)],  to  molecular 
weight  for  T2  DNA  and  its  fragments.  Open 
circles,  autoradiographically  measured  molecular 
weights.  Solid  circles,  relative  molecular  weights 
deduced  from  the  kinetics  of  breakage  under 
shear.  Triangles,  molecular  weights  measured 
from  sedimentation  coefficients. 


In  figure  1  we  show  the  relation  between 
molecular  weight  and  physical  properties 
of  T2  DNA  and  its  breakage  products. 
The  sedimentation  coefficient  (s)  proves  to 
be  a  useful  index  of  molecular  weight  and 
is  convenient  to  measure.  It  is  related  to 
molecular  weight  (M)  according  to 

s  =  0.0022M0-55  (1) 


In  effect,  the  coefficient  in  this  equation 
was  measured  independently  by  molecular 
autoradiography  and  from  the  DNA  con- 
tent per  phage  particle.  The  exponent  was 
measured  independently  by  autoradiogra- 
phy and  by  analysis  of  the  kinetics  of 
breakage. 

According  to  equation  1,  molecular 
weights  of  DNA  reported  in  the  past  are 
too  low.  For  example,  the  historically  im- 
portant DNA  from  the  pneumococcus,  ex- 
hibiting a  sedimentation  coefficient  of  17  to 
24  S,  has  been  assigned  a  molecular  weight 
of  about  4  million,  on  the  basis  of  light- 
scattering  measurements  by  several  investi- 
gators. According  to  equation  1  it  should 
have  a  molecular  weight  of  12  to  22  million. 

It  is  not  our  intention  to  assert  that  the 
light-scattering  method  yields  erroneous 
results.  Even  if  equation  1  is  correct  for 
T2  DNA,  its  applicability  to  other  DNA's 
remains  to  be  shown.  Also,  equation  1  is 
derived  from  data  covering  only  the  range 
of  63  to  27  S.  Our  results  merely  indicate 
that  the  light-scattering  measurements 
should  be  questioned  until  they  have  been 
checked  by  some  of  the  alternative  meth- 
ods now  available. 

The  DNA  of  Phage  T5 

Phage  T5  is  smaller  than  T2  and  con- 
tains somewhat  less  DNA  per  plaque- 
forming  particle.  The  isolated  DNA  (s  — 
48.6)  has  a  molecular  weight  of  81  million 
if  equation  1  is  applicable.  Fragments  of 
half  length,  isolated  from  the  products  of 
single  breaks  per  molecule,  exhibit  s  =  33, 
indicating  a  half-molecular  weight  of  40 
million.  When  the  DNA's  from  phages 
T2  and  T5  are  stirred  at  a  series  of  high 
speeds,  they  yield  products  showing  an 
identical  relation  between  sedimentation 
coefficient  and  speed  of  stirring.  Finally,  the 
maximum  speed  of  stirring  that  just  fails 
to  break  the  DNA  of  T5  rapidly  breaks 
the  longer  molecules  of  T2  DNA  but  does 
not  break  fragments  of  T2  DNA  of  s 
about  50  or  less.  These  results  indicate  that 
equation  1  is  applicable  to  the  DNA's  of 


458         CARNEGIE  INSTITUTION  OF  WASHINGTON 


both  T2  and  T5,  and  also  that  the  two  Burgi  finds  that  a  mixture  of  the  DNA's 

DNA's  are  equally  sensitive  per  unit  length  from  these  two  phages,  subjected  to  heat 

to  breakage   under  hydrodynamic  shear,  treatment  as  described  above,  can  be  re- 

We  believe  that  these  findings  indicate  a  solved  on  our  fractionating  column.   The 

close  structural  similarity  between  the  two  DNA  from  phage  Xb2  elutes  at  the  lower 

DNA's,  apart  from  the  difference  in  mo-  salt  concentration,  a  result  consistent  with 

lecular  weight.  the  hypothesis  that  the  mutation  is  accom- 
panied by  a  reduction  in  molecular  weight 

The  DNA  of  Phage  X  of  the  DNA.   Direct  support  for  this  hy- 

.  pothesis  is  still  lacking,  however. 
Some  years  ago,  in  collaboration  with 

Dr.  George  Streisinger,  we  began  a  study  J&fc|rf  Wor{  {n  Qther  ^oratonW 
or  phage  A  in  the  hope  or.  obtaining  some 

clue  to  the  molecular  basis  for  genetic  dele-  The  first  indication  that  a  phage  particle 
tions,  of  which  interesting  examples  had  might  contain  a  single  molecule  of  DNA 
been  demonstrated  by  the  work  of  Weigle,  was  obtained  by  Sinsheimer  with  the  small- 
Arber,  and  others.  The  only  immediate  particle  phage  $X-174.  He  found  that  the 
result  of  our  work  was  the  discovery  that  phage  particles  contain  25.5  per  cent  DNA, 
the  DNA  of  phage  X  shows  two  striking  weigh  6.2  X  106  daltons  (measured  by 
differences  from  the  DNA's  of  several  light  scattering),  and  yield  DNA  with  a 
other  phages  so  far  examined.  First,  X  molecular  weight  of  1.6  million  (also  meas- 
DNA  fails  to  form  a  band  on  passage  ured  by  light  scattering) .  The  DNA  itself 
through  our  fractionating  column,  but  in-  is  unique  in  being  composed  of  only  one 
stead  streaks  badly  and  produces  multiple  polynucleotide  chain.  The  only  other 
peaks.  Second,  the  DNA  (prepared  by  small-particle  phage  so  far  examined  con- 
any  of  three  methods)  exhibits  an  ex-  tains  RNA,  very  likely  a  single  molecule 
tremely  diffuse  boundary  in  the  ultracentri-  having  a  molecular  weight  of  about  1  mil- 
f uge.  Both  anomalies  disappear  when  the  lion  (Loeb  and  Zinder) .  These  two  phages 
DNA  is  broken  by  stirring.  These  results  can  be  regarded  as  special  cases,  both  be- 
are  unexplained,  but  suggest  the  possibility  cause  of  the  types  of  nucleic  acids  they 
of  molecular  aggregation.  contain  and  because  of  their  small  size.  In 

Burgi  has  found  that  heating  dilute  solu-  fact,  the  suggestion  has  been  made  several 

tions  of  X  DNA  at  75  °C  for  30  minutes,  times  that  all  natural  nucleic  acids  have  a 

or  even  at  37  °C  for  several  hours,  modifies  molecular  weight  of  about  a  million,  in 

part  of  the  DNA  so  that  it  bands  properly  which  event  the  phages  mentioned  above 

on  the  column  and  forms  a  sharp  boundary  would  be  the  first  members  of  a  series  in 

in  the  centrifuge.   The  sedimentation  co-  which  particle  size  was  directly  related  to 

efficient  is  reduced  from  40  to  36  S  by  this  number  of  molecules, 

treatment,  which  suggests  that  the  modi-  Our  results  for  phages  T2,  T5,  and  X  sug- 

fied  DNA  has  a  molecular  weight  of  about  gest,  on  the  contrary,  that  all  phages  con- 

46  million,  in  good  agreement  with  that  tain  a  single  molecule  of  nucleic  acid,  with 

estimated  from  the  DNA  content  per  in-  molecular  weights  ranging  upward  to  at 

fective  phage  particle.  least  130  million,  according  to  species.  This 

Kellenberger,  Zichini,  and  Weigle  iso-  conclusion   modifies  several  problems   in 

lated  a  mutant  phage,  called  Xb2,  selected  phage  genetics. 

for  its  decreased  buoyant  density  in  cesium  In  the  first  place,  it  is  now  clear  that  the 

chloride  solutions.  The  decrease  in  density  genetic  properties   of  the  phage  particle 

accompanying   the    b2    mutation,    if   due  must  reflect  exclusively  the  intramolecular 

solely  to  a  reduction  in  DNA  content  per  structure  of  its  DNA,  and  of  all  its  DNA. 

particle,  calls  for  a  reduction  of  17  per  cent.  The  idea  frequently  suggested  in  the  past, 
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by  some  of  our  work  as  well  as  that  o£ 
others,  that  phages  contain  nonchromoso- 
mal  as  well  as  chromosomal  DNA,  can  be 
abandoned.  Likewise,  the  possibility,  which 
seemed  very  likely  on  the  grounds  of  com- 
parative biology,  that  the  phage  chromo- 
some is  a  hyperstructure  composed  of  sev- 
eral DNA  molecules  can  be  rejected.  (Our 
own  work  on  DNA  structure  was  intended 
to  resolve  these  questions  in  quite  a  differ- 
ent way;  we  meant  to  ask  whether  the  sev- 
eral DNA  molecules  per  phage  particle 
were  alike  or  different.)  A  perennial  ge- 
netic problem  can  now  be  presented  in 
new  guise:  why  does  phage  T2  require  a 
molecule  of  180  thousand  nucleotide  pairs 
to  carry  out  roughly  the  same  functions  for 
which  phage  4>X-174  employs  a  polynucleo- 
tide composed  of  only  4.5  thousand  resi- 
dues? A  plausible  if  not  quite  satisfying 
explanation  would  be  simply  that  T2  car- 
ries a  complement  of  some  180  genes  or 
gene  vestiges,  whereas  historical  accident 
has  eliminated  all  but  four  or  five  from 
4>X-174.  It  is  evidently  imperative  to  learn 
something  about  the  functional  complexity 
of  the  smallest  viruses.  T2  undoubtedly 
does  employ  a  multiplicity  of  genes.  It  is 
also  imperative  to  look  for  regions  in  DNA 
molecules  that  may  have  functions  not  de- 
tectable by  the  usual  methods  of  genetic 
analysis. 

A  new  question  about  DNA  structure 
has  been  raised  by  the  finding  (Streisinger) 
that  the  genetic  map  of  phage  T4,  like  that 
of  certain  bacteria,  is  circular.  According 
to  our  results,  the  DNA  molecules  in 
phage  particles  are  not  circular:  ring- 
shaped  molecules  should  not  break  into 
halves  at  critical  rates  of  shear,  and  they 
should  be  identifiable  microscopically. 
Streisinger  and  Stahl  point  out  that  the 
circular  map  can  be  interpreted  in  two 
ways :  in  terms,  that  is,  of  circularity  exist- 
ing at  the  time  when  genetic  exchanges 
occur,  or  of  circularity  existing  only  at 
some  other  stage  in  the  developmental 
cycle.  In  the  second  case,  but  not  neces- 
sarily in  the  first,  the  transition  from  cir- 


cular to  linear  shape  would  have  to  occur 
by  a  randomly  placed  cut.  The  necessity 
arises,  therefore,  of  determining  whether  or 
not  the  ends  of  DNA  molecules  correspond 
to  fixed  positions  on  the  linkage  map, 
which  is  an  interesting  question  quite  apart 
from  the  idea  of  circularity. 

It  was  shown  some  years  ago,  in  our 
laboratory  and  elsewhere,  that  the  DNA 
originating  in  a  single  particle  of  phage  T2 
is  dispersed  during  growth  into  numerous 
rather  large  pieces  among  the  phage 
progeny.  As  long  as  the  DNA  complement 
was  thought  to  include  several  molecules,  it 
seemed  hopeless  to  try  to  separate  molecu- 
lar dispersion  from  various  types  of  frag- 
mentation that  might  be  involved. 

A  new  approach  became  possible  with 
the  development  by  Meselson,  Stahl,  and 
Vinograd  of  the  cesium  chloride  density 
gradient  method  for  separation  of  DNA's 
differing  in  density.  By  the  application  of 
this  method  Roller  found  that  parental  T2 
DNA  labeled  with  heavy  isotopes  is  frag- 
mented during  growth  into  pieces  so  small 
that  their  incorporation  into  progeny  DNA 
molecules  has  little  effect  on  density.  This 
finding  is  in  contrast  to  the  result  seen  in 
Escherichia  coli  and  other  cells,  in  which 
progeny  DNA  molecules  (if  they  contain 
isotope  at  all)  tend  to  retain  a  density  mid- 
way between  that  of  the  labeled  parents 
and  that  of  the  unlabeled  offspring.  The 
results  with  T2,  and  other  evidence,  were 
variously  interpreted  as  suggesting  a 
unique  mode  of  replication  in  viruses,  or 
as  bringing  into  question  all  evidence  sup- 
porting the  mechanism  of  replication  pro- 
posed by  Watson  and  Crick. 

These  matters  have  been  largely  cleared 
up  by  Kozinski  and  by  Roller,  who  now 
find  that,  if  the  progeny  DNA  descending 
from  heavy  parents  of  T2  or  T4  is  mechani- 
cally broken  into  fragments,  all  the  labeled 
fragments  show  the  correct  hybrid  den- 
sity. Moreover,  if  the  mass-to-length  ratio 
of  T2  DNA  fragments  as  measured  by  us 
and  by  Beer  is  accepted,  it  seems  clear  that 
the  conserved  fragments  are  segments  of 
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single  polynucleotide  chains.  These  re- 
sults add  considerably  to  the  evidence  that 
the  two  strands  of  the  helix  really  separate 
during  replication. 

The  replication  of  T2  DNA  therefore 
involves  two  separate  processes:  strand 
separation  and  reunion,  seen  in  all  organ- 
isms so  far  examined;  and  fragmentation 
and  re-formation  of  the  strands,  to  a  con- 
siderable extent  unique  in  T2.  Since  T2  is 
also  unique  in  showing  a  very  high  genetic 
recombination  frequency,  it  is  natural  to 
relate  recombination  to  fragmentation.  At 
any  rate,  if  we  are  to  believe  anything 
about  the  genetic  role  of  DNA,  we  must 
believe  that  fragmentation  and  re-forma- 
tion of  polynucleotide  chains  provides  a 
mechanism  of  genetic  recombination. 

The  considerations  outlined  above  led 
Meselson  and  Weigle  and  their  colleagues 
to  turn  to  other  phages  in  which  the  fre- 
quency of  genetic  recombination  is  lower. 
In  experiments  with  phage  T7,  Meselson 
observed  semiconservative  replication  not 
only  of  DNA  molecules  but  also  at  the 
level  of  the  whole  phage  particle.  That  is, 
when  the  progeny  of  a  cross  between 
heavy  (isotope-labeled)  and  light  phages 
was  analyzed  by  density-gradient  centrifu- 
gation,  phage  particles  of  two  densities 
were  found,  namely,  those  whose  DNA 
was  virtually  free  of  isotope,  and  those  con- 
taining only  DNA  molecules  of  hybrid 
density.  Since  the  DNA  of  T7  exhibits  a 
sedimentation  coefficient  of  29,  which  was 
supposed  to  indicate  a  molecular  weight  of 
17  million,  or  half  the  DNA  content  of  the 
phage  particle,  Meselson  was  forced  to 
postulate  a  bimolecular  chromosome  that 
is  somehow  subject  to  the  semiconservative 
principle  of  replication  understandable 
only  for  single  DNA  molecules. 

According  to  our  equation  1,  the  molecu- 
lar weight  of  T7  DNA  is  32  million,  the 
phage  particle  contains  a  chromosome  com- 
posed of  one  such  molecule,  and  Meselson's 
result  is  understandable.  Thus,  in  T7,  rep- 
lication of  DNA  molecules  is  accompanied 
by  strand  separation  and  reunion  without 


the  necessity  for  fragmentation  of  strands. 
Fragmentation  does  occur  as  an  accessory 
phenomenon,  but  it  is  much  less  frequent 
than  in  T2. 

Meselson  and  Weigle  also  studied  crosses 
with  phage  A  by  heavy-isotope  labeling  and 
density-gradient  separation  of  the  intact 
phage  progeny.  They  could  discern,  as  in 
phage  T7,  semiconservative  replication  on 
which  was  superimposed  considerable  frag- 
mentation of  strands.  Moreover,  some  of 
the  genetic  recombinants  exhibited  a  den- 
sity intermediate  between  the  hybrid 
density  and  the  lowest  density,  the  exact 
density  being  correlated  with  genotype, 
showing  that  a  strand  breaking  between 
the  two  genetic  markers  often  survived 
without  additional  breaks. 

Kellenberger,  Zichini,  and  Weigle  dem- 
onstrated similar  principles  in  beautiful 
experiments  employing  natural  density 
markers  in  phage  A.  In  their  crosses  two 
mutants,  characterized  by  densities  denoted 
here  by  2  and  3,  gave  rise  to  the  lighter 
double  mutant  of  density  1  and  the  heavier 
wild  type  of  density  4.  In  a  cross  in  which 
the  parental  phage  of  density  2  was  labeled 
with  radiophosphorus,  most  of  the  radio- 
activity transferred  to  the  progeny  was 
found  in  phages  of  density  2,  smaller 
amounts  in  the  recombinant  classes  of  den- 
sities 1  and  4,  but  very  little  in  the  initially 
unlabeled  parental  class  of  density  3.  Thus 
replication  in  phage  X,  like  replication  in 
general,  involves  strand  separation  and  re- 
union, usually  without  breakage  of  poly- 
nucleotide chains,  which  in  this  phage  are 
about  24  u  long.  When  a  strand  is  broken, 
it  tends  to  break  only  once;  and  if  the 
break  occurs  between  two  markers  it  re- 
sults, with  a  high  probability,  in  genetic 
recombination. 

Analogous  experiments  performed  in 
our  laboratory  several  years  ago  with  phage 
T2  yielded  no  such  elegant  results,  for  rea- 
sons that  are  now  understandable.  In  T2 
every  polynucleotide  chain  of  parental 
origin  is  broken  several  times  during  the 
cycle  of  phage  growth. 
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Our  discussion  above  suggests  that 
breakage  and  rejoining  of  strands  is  the 
sole  mechanism  of  genetic  recombination, 
and  the  contrast  between  results  with  T2 
and  with  the  two  other  phages  so  far 
studied  supports  this  interpretation.  Mesel- 
son  and  Weigle  point  out,  however,  that 
their  experiments  do  not  rule  out  addi- 
tional mechanisms.  The  phenomena  in- 
volved in  negative  interference  in  phage 
crosses,  in  fact,  require  special  explanations 
and  seem  to  require  different  mechanisms. 
If  additional  mechanisms  do  exist,  it  may 
be  anticipated  that  a  third  class  of  phages 
will  be  found  in  which  recombination  is 
not  accompanied  by  fragmentation  of  poly- 
nucleotide chains. 

It  will  be  seen  that  the  evidence  for 
equating  the  single  chromosome  and  the 
single  DNA  molecule  in  phages  ranges 
from  the  results  of  genetic  linkage  tests  to 
the  measurements  of  length  of  DNA  mole- 
cules, with  identification  of  specific  frag- 
ments and  specific  genes  seemingly  all  but 
realized.  The  most  direct  mode  of  attack 
on  the  purely  topological  aspects  of  the 
chromosome  remains  to  be  mentioned. 

Kaiser  and  Hogness  developed  a  system 
in  which  bacteria  can  be  infected  simul- 
taneously with  "helper"  phage  particles 
and  with  solutions  of  DNA  extracted  from 
phage  A.  The  contribution  from  the  DNA 
solution  is  recognized  by  appropriate  ge- 
netic markers.  They  found  that,  when 
multiple  markers  were  used,  the  contribu- 
tion was  all  or  none.  Thus  they  could  con- 
clude either  that  the  phage  particle  contains 
a  single  DNA  molecule  or  that  one  of 
several  is  multipotent.  The  corresponding 
experiments  in  which  the  genetic  char- 
acters of  bacterial  cells  are  modified  by 
"transformation"  with  DNA  solutions 
have  always  given  the  contrary  result, 
sometimes  (incorrectly)  described  as  indi- 
cating a  single  gene  per  DNA  molecule.  It 
will  be  interesting  to  see  how  the  results  of 
linkage  tests  with  bacterial  markers  are 
modified  when  precautions  are  taken  to 
prepare   the   transforming  DNA    with   a 


minimum  of  mechanical  breakage  of  the 
molecules. 

Summary 

The  work  from  our  own  and  several 
other  laboratories  discussed  above  estab- 
lishes the  following  principles : 

1.  Phage  particles  may  contain  DNA  of 
the  usual  type,  single-stranded  DNA,  or 
RNA.  Most  of  the  species  so  far  examined 
contain  conventional  DNA. 

2.  In  T2,  T7,  and  A  (containing  conven- 
tional DNA),  the  chromosome  is  single 
and  is  composed  of  a  single  molecule  of 
DNA,  ranging  in  molecular  weight  from 
30  to  130  million,  depending  on  the  species. 
In  T2  and  T5  DNA,  at  least,  the  length- 
to-mass  ratio  is  close  to  that  demanded  by 
the  Watson-Crick  two-stranded  helical 
structure. 

3.  Replication  of  DNA  molecules  is  ac- 
companied by  separation  and  reunion  of 
strands. 

4.  Fragmentation  and  rejoining  of  indi- 
vidual strands  occurs  as  a  separate  phe- 
nomenon not  essential  to  replication.  It 
may  be  frequent,  as  in  T2,  or  infrequent, 
as  in  A.  In  X  it  appears  that  the  two- 
stranded  chromosome  can  break  and  rejoin 
without  separation  of  strands. 

5.  Fragmentation  and  rejoining  of 
strands  provides  a  mechanism  of  genetic 
recombination.  In  phage  A,  preliminary 
indications  can  be  seen  that  individual  ge- 
netic markers  are  disposed  along  the  DNA 
molecule  in  accordance  with  their  positions 
on  the  genetic  map. 

6.  In  phage  T2,  the  frequency  of  strand 
cleavage  is  high  in  two  senses :  each  parental 
strand  is  broken  during  replication,  and  it  is 
broken  in  several  or  many  places.  In  phage 
A,  the  frequency  is  low  in  both  senses. 

7.  In  phage  T2,  the  high  frequency  of 
breakage  is  correlated  with  a  high  fre- 
quency of  genetic  recombination.  In 
phage  A,  both  frequencies  are  low.  Never- 
theless, additional  mechanisms  of  recombi- 
nation not  involving  breakage  of  strands 
cannot  be  excluded  at  present  and  should, 
perhaps,  be  anticipated. 
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INTRACELLULAR  DEOXYRIBONUCLEASES 

Margaret  R.  McDonald  and  Anne  K.  Carhart 

At  least  two  types  of  deoxyribonuclease  facile  steps,  which  render  DNase  prepara- 
have  been  identified  in  mammalian  tissues,  tions  free  of  measurable  traces  of  protease, 
The  best  known  is  the  by  now  "classical"  ribonuclease,  phosphatase,  and  phospho- 
crystalline  DNase  from  beef  pancreas,  rep-  diesterase.  We  have  also  incorporated  into 
resentative  of  the  DNase  I  (or  neutral)  the  method  removal  of  the  "inert"  crystal- 
class.  This  type  is  active  in  neutral  solu-  line  protein  described  in  Year  Book  57. 
tion  and  requires  magnesium  or  other  These  changes  further  increase  the  specific 
divalent  cations  for  expression  of  activity,  activity  (activity  per  milligram  of  protein) 
The  DNase  II  (or  acid)  class  is  most  active  of  the  purified  enzyme  by  a  factor  of  4  to  5, 
at  pH  4  to  5,  and  its  electrolyte  requirement  giving  a  final  enrichment  of  approximately 
can  be  satisfied  with  either  mono-  or  diva-  10,000-fold.  The  complete  procedure  for 
lent  cations  (Year  Book  59) .  the  purification  of  DNase  II  from  salmon 

Procedures  have  been  developed  in  this  testes  is  detailed  below.  Some  of  the  prop- 

and  other  laboratories  for  the  purification  erties  of  the  partially  purified  enzyme  have 

of  DNase  II  from  calf  spleen  and  thymus,  been  discussed  previously  (Year  Books  57 

None  of  them  seems  to  be  operationally  to  59).   Those  that  were  investigated  this 

satisfactory  for  routine  preparation  of  large  year  are  described  later  in  this  report, 
amounts    of    enzyme.    Furthermore,    the 

purified  DNases  that  have  been  tested  still  Method  of  Preparation  of  Purified 
show  measurable  traces  of  ribonuclease  and  Deoxyribonuclease  from 
phosphodiesterase.    Since    the    DNase    II  Salmon  Testes 
content  of  normal  tissues  appears  to  be  TT  .          .        .            .~    .     .. 
intimately  related  to  their  capacity  for  syn-  Unlef  otherwise  specified,  all  operations 
thesis  of  DNA,  it  seemed  to  us  that  testes  are  P^01™^  at  1    to  3  C,  and  a  1  filtra- 
from  salmon,  caught  just  before  spawning,  tl0ns   are   d°ne   wlth,  suction     The   ana- 
should  be  an  excellent  source  material  for  ™ni"m  sulfate  is  always  added  slow  y, 
the  isolation  of  a  representative  DNase  II.  with  adequate  stirring;  foaming  should  be 
On  a  wet-weight  basis,  such  salmon  testes  avolded-  Th%  concentration  yield,  and  de- 
were  found  to  contain  3  to  5  times  as  much  8ree  of  P«"fication  attained  at  each  step 
enzymatic  activity  as  calf  spleen,  which  in  are  summa""d  "»  table  1.  The  red  pig- 
•      o  /  ?    •                     i            1£  ment,  which  concentrates  simultaneously 
turn  contains  2  to  3  times  as  much  as  calf  .  ,  ' ,                     ,          ,            ,   .     ,.     7 
i              /v        ™     i     r*7\      t-      i  with  the  enzyme  through  step  6,  is  disso- 
thymus    (Year   Book   57).    Furthermore,  .  .    ■,  c         •  /  i     •        ,      Q     a u     «.  in 

J           v         •    ii     r         r  i  i      i           i  ciated  from  it  during  step  o.  About  30  m? 

testes  are  practically  free  of  blood  vessels,  of           in  ^  ^^  £Qm  5Q           ds  £ 

mucus,   and   connective   tissue;    they   are  saimon  testes 

readily  available  in  large  quantities,  rela-  >  s  L  Extmction,  m  ds  o£ 
lively  inexpensive,  and  easy  to  work  with  frozen  salmon  testes  ar£  ^^  £or  lg 
Since  1957,  therefore,  we  have  concentrated  hours?  and  minced  in  an  dectric  meat 
our  efforts  on  developing  methods  for  the  grinden  The  mince  is  SUSpended  in  50 
purification  of  DNase  II  from  this  source.  liters  of  0>05  N  sul£uric  acid  and  left>  with 
The  procedures,  as  they  evolved,  were  stirring  at  half-hour  intervals,  for  6  to  8 
detailed  in  Year  Books  57  to  59.  They  re-  hours.  The  suspension  is  then  filtered  over- 
suited  in  a  fraction  containing  approxi-  night  by  gravity  through  large  fluted 
mately  85  per  cent  of  the  activity  originally  papers  (Whatman  no.  12,  50  cm).  Ap- 
present  in  the  testes  and  only  0.05  per  cent  proximately  54  liters  of  filtrate,  pH  4.0,  are 
of  the  protein  found  in  aqueous  extracts  of  obtained, 
the  tissue.  This  year  we  have  added  other  Step  2.  Concentration.  The  clear  filtrate 
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TABLE   1.    Summary  of  Procedure  for  Purification  of  Deoxyribonuclease  from  Salmon  Testes 


Step 


Fraction 


Total  Optical      Total  Specific 

Density  at     Activity,*      Activity, 
278  mu  *     102  units  t    units/D275 


Yield, 

% 


1  A.  Acid  extract 

2  B.  0.80  satd.  ammonium  sulfate  ppt. 
C.  Q.65  satd.  ammonium  sulfate  ppt. 

3  D.  Aqueous  extract  of  0.65  satd.  ammonium 

sulfate  ppt. 

E.  0.70  satd.  ammonium  sulfate  ppt. 

F.  1st  0.45-0.70  satd.  ammonium  sulfate  ppt. 

G.  2nd  0.45-0.70  satd.  ammonium  sulfate  ppt. 

4  H.  Mother  liquors  from  crystals 

5  I.  Filtrate  after  heat  treatment 

J.  0.70  satd.  ammonium  sulfate  ppt. 

6  K.  0.45-0.60  satd.  ammonium  sulfate  ppt. 

7  L.  Dialyzed  solution 

8  M.  Supernatant 

N.  0-18  per  cent  ethanol  ppt. 


320  % 

330 

3900  § 

410|| 

11 

100 

2500 

410 

17 

100 

2000 

390 

20 

95 

810 

370 

46 

90 

610 

360 

59 

88 

350 

300 

86 

73 

270 

290 

110 

71 

190 

290 

150 

71 

90 

240 

270 

59 

86 

240 

280 

59 

80 

240 

300 

59 

40 

230 

580 

56 

*  Based  on  50  pounds  of  salmon  testes. 

t  These  units  cannot  be  compared  with  those  given  in  previous  reports,  because  of  different 
conditions  of  assay. 

t  Over  90  per  cent  of  the  activity  present  in  the  minced  (or  homogenized)  testes  is  found  in  the 
acid  extract,  with  less  than  5  per  cent  of  the   water-soluble   proteins. 

§  About  10  per  cent  of  the  protein  present  in  fraction  A  is  recovered  in  fraction  C. 

||  The  value  for  the  total  activity  of  the  0.65  saturated  ammonium  sulfate  precipitate  is  con- 
sistently higher  than  that  for  the  0.8  saturated  one.  The  0.8  saturated  precipitate,  in  turn,  has 
higher  activity  than  the  acid   extract. 


(fraction  A,  table  1)  is  brought  to  0.8 
saturation  of  ammonium  sulfate  by  the 
addition  of  561  grams  of  salt  per  liter.  A 
very  slight  precipitate  forms.  This  is  col- 
lected by  filtration  through  soft  paper 
(Eaton-Dikeman  no.  612),  with  the  aid 
of  0.5  gram  of  Standard  Super-Cel  per  liter 
of  suspension,  on  two  24-cm  Biichner  fun- 
nels. The  filtrate  is  discarded.  The  filter 
cake  is  suspended  in  1000  ml  of  distilled 
water,  stirred  for  1  hour,  and  refiltered 
through  soft  paper.  This  process  is  re- 
peated twice,  first  with  300  ml  and  then 
with  200  ml  of  water.  The  residue  is  dis- 
carded; the  extracts  are  combined  (frac- 
tion B)  and  brought  to  0.65  saturation  of 
ammonium  sulfate  by  the  addition  of  430 
grams  of  salt  per  liter.  The  resulting  sus- 
pension is  left  for  approximatley  18  hours, 
then  filtered  through  hardened  paper 
(Schleicher  and  Schuell  no.  576).  The  fil- 
trate is  discarded,  and  the  filter  cake  (about 
13  grams,  although  yields  as  low  as  7  and 


as  high  as  34  grams  have  been  observed)  is 
stored  until  material  from  a  minimum  of 
250  pounds  of  testes  has  been  collected. 

Step  3.  Fractional  precipitation  with 
ammonium  sulfate.  Unless  otherwise 
noted,  the  procedures  in  steps  3,  4,  5,  and  6 
are  carried  out  at  room  temperature.  The 
combined  0.65  saturated  ammonium  sul- 
fate filter  cakes  from  step  2  are  suspended 
in  4  times  their  weight  of  water  (frac- 
tion C) ;  the  suspension  is  stirred  for  1 
hour,  then  filtered  through  soft  paper  with 
the  aid  of  1  gram  of  Standard  Super-Cel 
per  100  ml  of  suspension.  The  filtrate  is 
saved;  the  residue  is  resuspended  in  a 
volume  of  water  equal  to  one-fourth  that 
originally  used,  and  refiltered.  The  residue 
is  discarded.  The  filtrates  are  combined 
(fraction  D)  and  brought  to  0.7  saturation 
by  the  addition  of  233  ml  of  a  saturated 
solution  of  ammonium  sulfate  (approxi- 
mately 760  grams  of  salt  per  liter  of  water) 
per  100  ml  of  filtrate.   The  resulting  sus- 
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pension  is  allowed  to  stand  at  1°  to  3°C  for  necessary,    by    centrifugation.     Saturated 

18  to  24  hours.    The  precipitate  is  then  ammonium  sulfate  is  then  added  to  the 

collected   by  filtration  through  hardened  point  of  incipient  turbidity  (about  0.3  ml 

paper,  and  the  filtrate  is  discarded.    The  per  gram  of  filter  cake),  and  the  mixture 

filter  cake  (about  7  grams  per  50  pounds  is  left  at  20 °C.  A  thick  suspension  of  fine 

of  testes;  values  as  low  as  3  and  as  high  needles  and  amorphous  material  gradually 

as  12  have  been  observed)  is  dissolved  in  forms  (photographs  of  these  crystals  were 

5  times  its  weight  of  water,  and  the  solution  shown  in  Year  Book  57) .   After  1  week, 

(fraction  E)  is  brought  to  0.45  saturation  the  mixture  is  filtered  on  hardened  paper; 

by  the  addition  of  82  ml  of  saturated  am-  the  filtrate  is  saved.  The  filter  cake  is  sus- 

monium  sulfate  per  100  ml  of  water.  The  pended  in  2  times  its  weight  of  water,  a 

suspension  is  left  for  1  to  3  hours,  then  volume  just  sufficient  to  dissolve  the  crys- 

filtered  through  soft  paper  with  the  aid  tals,  leaving  most  of  the  amorphous  ma- 

of  2.5  grams  of  Standard  Super-Cel  per  terial  undissolved.    The  suspension  is  fil- 

100  ml,  and  the  residue  is  discarded.  The  tered  through   soft  paper,  and  the  filter 

filtrate  is  brought  to  0.7  saturation  by  the  cake  is  discarded.    Saturated  ammonium 

further   addition   of   83   ml   of   saturated  sulfate  is  added  to  the  filtrate  to  incipient 

ammonium  sulfate  per  100  ml  of  filtrate,  turbidity,  and  the  mixture  is  left  at  20  °C. 

The  precipitate   is  collected  by  filtration  Clusters  of  fine  needles  rapidly  form.  The 

through  hardened  paper.    The  filtrate  is  mixture  is  filtered  through  hardened  paper 

discarded,  and  the  filter  cake  (fraction  F,  after  48  hours. 

about  3  grams  per  50  pounds  of  testes)  is  Saturated    ammonium    sulfate    is    then 

refractionated  between  0.45  and  0.7  satura-  added  to  the  combined  mother  liquors,  to 

tion  of  ammonium  sulfate  as  before.  The  0.7  saturation.  The  resulting  suspension  is 

final  filter  cake,  which  averages  2  (1  to  3)  filtered  through  hardened  paper,  and  the 

grams  per  50  pounds  of  testes  processed,  filtrate  is  discarded. 

is  stored  at  1°  to  3 °C  until  material  from  Step   5.    Heat    denaturation.    The   0.7 

at  least  1000  pounds  has  been  collected.  saturated   ammonium   sulfate   filter   cake 

Step  4.  Removal  of  an  "inert"  crystalline  from  step  4  (approximately  0.5  gram  per 

protein.  The  crystalline  protein  obtained  in  gram  of  filter  cake  before  crystallization) 

this  step  has  been  termed  "inert,"  since  it  is  dissolved  in  25  times  its  weight  of  water, 

is  not  DNase  II.    It  has  also  been  tested  The  solution  (fraction  H)  is  adjusted  to 

at   pH.   5.0   for   its    ability    to   hydrolyze  p¥L  4.0  with  a  few  drops  of  1  N  sulfuric 

RNA,  p-nitrophenylphosphate,  bis(p-nitro-  acid.  It  is  then  heated  rapidly,  with  con- 

phenyl)  phosphate,  heat-denatured  DNA,  stant  stirring,  to  65°  C,  left  at  that  tempera- 

and  denatured  casein,  with  negative  re-  ture  for  15  minutes,  cooled  rapidly  to  25°  C, 

suits.    This   protein   does   not   hydrolyze  and  left  at  room  temperature  for  1  hour. 

DNA  under  conditions  optimal  for  DNase  The  resulting  suspension  is  filtered  through 

I,  nor  does  it  synthesize  DNA  from  mix-  soft  paper  with  the  aid  of  1  gram  of  Stand- 

tures    of    deoxy adenosine,    deoxycytidine,  ard  Super-Cel  per  100  ml;  the  filter  cake 

deoxyguanosine,  and  deoxythymidine  tri-  is  washed  with  water  until  the  filtrate  is 

phosphates  under  conditions  optimal  for  almost  colorless,  then  discarded.  The  com- 

the  action  of  mammalian  DNA  synthetase,  bined  filtrates  (fraction  I)  are  brought  to 

The  collected  0.7  saturated  ammonium  0.7  saturation  of  ammonium  sulfate  by  the 

sulfate  filter  cakes   from  step  3  are  dis-  addition  of  472  grams  of  salt  per  liter.  The 

solved  in  a  volume  of  water  equal  to  their  precipitate  is  collected  by  filtration  through 

weight.   The  solution  (fraction  G)  is  ad-  hardened  paper,   and   the  filtrate  is  dis- 

justed  to  pH  3.8  by  the  dropwise  addition  carded. 

of  1  N  sulfuric  acid  (approximately  0.1  ml  Step  6.  Re  fractionation  with  ammonium 

per  gram  of  filter  cake)  and  clarified,  if  sulfate.  The  0.7  saturated  ammonium  sul- 
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fate  filter  cake  from  step  5  (about  0.6  gram 
per  gram  of  filter  cake  before  heating)  is 
dissolved  in  5  times  its  weight  of  water. 
The  solution  (fraction  J)  is  brought  to 
0.45  saturation  of  ammonium  sulfate  by  the 
addition  of  82  ml  of  saturated  salt  solution 
per  100  ml  of  water.  The  suspension  is 
filtered  through  soft  paper  with  the  aid  of 
2.5  grams  of  Standard  Super-Cel  per  100 
ml,  and  the  residue  is  discarded.  The  fil- 
trate is  brought  to  0.6  saturation  by  the 
addition  of  37.5  ml  of  saturated  ammonium 
sulfate  per  100  ml  of  filtrate.  The  precipi- 
tate is  collected  by  filtration  through  hard- 
ened paper,  and  the  filtrate  is  discarded. 

Step  j.  Dialysis.  The  0.6  saturated  am- 
monium sulfate  filter  cake  from  step  6 
(about  0.5  gram  per  gram  of  filter  cake 
from  step  5)  is  dissolved  in  4  times  its 
weight  of  water.  The  solution  (fraction  K) 
is  dialyzed  against  20  liters  of  running  dis- 
tilled water  for  24  hours  at  1°  to  3°C; 
unnecessary  dilution  is  avoided. 

Step  8.  Fractional  precipitation  with 
ethanol.  The  dialyzed  solution  (fraction 
L)  is  centrifuged  if  turbid,  and  the  super- 
natant (fraction  M)  is  chilled  to  1°C  in 
an  insulated  ice-water  bath.  It  is  then 
brought  to  a  concentration  of  18  per  cent 


ethanol  by  the  very  slow  addition,  with 
vigorous  stirring,  of  22  ml  of  absolute 
ethanol  per  100  ml.  At  no  time  should 
the  temperature  of  the  mixture  rise  above 
2°C.  The  suspension  is  left  at  1°C  for 
10  minutes,  then  centrifuged  for  15  min- 
utes at  the  same  temperature.  The  super- 
natant is  discarded;  the  precipitate  is  dis- 
solved in  a  small  volume  of  water,  and  the 
solution  (fraction  N)  is  stored  at  approxi- 
mately -20°C. 

Properties  of  Purified  Deoxyribonuclease 
from  Salmon  Testes 

Purity.  The  purification  procedure  was 
designed  to  remove  specifically  all  other 
enzymes  capable  of  action  on  nucleic  acids 
and  nucleotides.  The  most  tenacious  of 
these  is  ribonuclease,  and  it  has  even  been 
proposed  that  DNase  II  may  degrade  RNA 
in  addition  to  DNA;  nucleases  with  this 
ability  have  been  isolated  from  bacteria. 
In  our  preparations,  however,  essentially 
all  the  ribonuclease  remaining  in  fraction 
H  is  removed  during  steps  5  and  6,  as  is 
illustrated  in  table  2.  Similar  procedures 
are  not  effective  in  removing  ribonuclease 
from    partially    purified    preparations    of 


TABLE  2.  Effect  of  pH  on  the  Selective  Denaturation  by  Heat  of  a  Ribonuclease  Contaminant  in 

Partially  Purified  Salmon-Testis  Deoxyribonuclease 

Experimental  procedure:  Aqueous  solutions  of  fraction  H  at  different  pH  values  were  kept  at 
65°C  for  15  minutes,  cooled  rapidly  in  an  ice  bath,  left  at  3°C  for  1  hour,  and  centrifuged. 
The  supernatants  were  analyzed  for  DNase  and  RNase  activity,  and  for  protein. 


pH* 

Percentage  of  Original  f 

Specific  Activity  t 

DNase/ 

/RNase  § 

Protein 

DNase 

RNase 

DNase 

RNase 

3.55 

71 

76 

<0.1 

80 

<  0.01 

>7000 

3.70 

73 

82 

<0.1 

84 

<.01 

>7000 

4.00 

82 

90 

<0.1 

83 

<.01 

>7000 

4.33 

88 

96 

2 

81 

.14 

600 

4.65 

90 

96 

5 

79 

.28 

280 

4.95 

92 

98 

10 

80 

.63 

130 

5.30 

92 

97 

13 

78 

.81 

100 

5.60 

92 

94 

13 

76 

.76 

100 

*  pH  adjusted   with  sulfuric  acid  or  sodium   hydroxide. 

t  Original  activity:    DNase,  780  units  per  ml;  RNase,  58  units  per  ml.    Original  concentration 
of  protein,  10.4  mg  per  ml. 
t  Original  specific  activity:    DNase,  75  units  per  mg  protein;  RNase,  5.6  units  per  mg  protein. 
§  Original  relative  ratio  of  DNase  to  RNase,  13. 
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DNase  II  from  calf  spleen  (table  3).  As- 
says of  testis  DNase,  fraction  N,  with  the 
substrates  casein,  RNA,  /7-nitrophenyl- 
phosphate,  and  bis  (/7-nitrophenyl)  phos- 
phate in  0.1  M  acetate  buffer,  pH  5.0, 
showed  no  measurable  traces  of  protease, 
ribonuclease,  phosphatase,  or  phosphodi- 
esterase. All  these  enzymes  are  present  in 
the  original  acid  extract  of  the  testes. 


eight  per  cent  of  the  activity  is  recovered 
in  fractions  13  through  23  (£),  and  85  per 
cent  of  the  protein;  the  average  specific 
activity  of  these  fractions  is  661,  that  of  the 
starting  material  580.  Five  fractions,  16 
through  20  (25  ml),  account  for  81  per  cent 
of  the  activity  and  66  per  cent  of  the  pro- 
tein, with  a  specific  activity  of  700.  This 
material    is    essentially    homogeneous,    as 


TABLE  3.   Effect  of  pH  on  the  Heat  Lability  of  the  Deoxyribonuclease  and  Ribonuclease  Activi- 
ties of  Partially  Purified  Calf-Spleen  Deoxyribonuclease 

Experimental  procedure:  Aqueous  solutions  of  partially  purified  calf-spleen  deoxyribonuclease 
(Year  Book  54),  at  different  ^H's,  were  kept  at  65 °C  for  15  minutes,  cooled  rapidly  in  an  ice  bath, 
left  at  3°C  for  1  hour,  and  centrifuged.  The  supernatants  were  analyzed  for  protein  and  for 
DNase  and  RNase  activity. 


pH* 

Percentage  of  Original  f 
Protein       DNase        RNase 

Specific  Activity  t 
DNase         RNase 

DNase/ 

/RNase  § 

1.6 

6 

30 

1 

2.0 

12 

27 

2 

2.5 

40 

27 

8 

2.9 

87 

27 

17 

3.4 

70 

96 

32 

6.6 

0.41 

16 

3.8 

68 

97 

34 

6.8 

.46 

15 

4.3 

71 

93 

39 

6.2 

.52 

12 

4.7 

74 

93 

43 

6.0 

.54 

11 

5.5 

73 

80 

42 

5.2 

.54 

10 

6.2 

71 

55 

39 

3.6 

.52 

7 

6.6 

71 

33 

39 

2.2 

.52 

4 

75 

7 

33 

1 

*  pH   adjusted   with   sulfuric   acid  or   sodium   hydroxide. 

t  Original  activity:    DNase,  50  units  per  ml;   RNase,  9.6  units  per  ml.    Original  concentration 
of  protein,  10.6  mg  per  ml. 
t  Original  specific  activity:  DNase,  4.7;  RNase,  0.9. 
§  Original  relative  ratio  of  DNase  to  RNase,  5. 


Fraction  N  does  contain  small  amounts 
of  contaminating  protein,  however,  demon- 
strable by  paper  (pi.  2,  A)  or  zonal  density 
gradient  electrophoresis  (pi.  2,  B).  The 
second  type  of  analysis  was  made  possible 
through  the  gracious  cooperation  of  Dr. 
Alan  W.  Bernheimer  of  the  New  York 
University  College  of  Medicine.  A  mini- 
mum of  four  components  (a-d)  can  be 
detected.  Fractions  1  through  6  (a),  28 
through  31  (<r),  and  33  through  39  (d) 
contain,  respectively,  3.5,  1.3,  and  2.7  per 
cent  of  the  total  protein  and  0,  0.4,  and 
0  per  cent  of  the  DNase  activity.   Ninety- 


tested  by  paper  electrophoresis  (pi.  2,  C), 
and  we  are  now  modifying  the  zonal 
density  gradient  electrophoresis  procedure 
for  preparative  purposes.  Further  frac- 
tionation by  means  of  gradient-elution 
column  chromatography,  with  adsorbents 
such  as  substituted  celluloses  and  ion-ex- 
change resins,  is  also  being  tested.  Slight 
enhancement  of  the  specific  activity  of  the 
testis  DNase  can  be  effected  by  refractiona- 
tion  of  fraction  N  with  ethanol  (table  4). 
Stability.  DNase  II  from  salmon  testes 
is  most  stable  in  the  pH  range  from  4.3  to 
5.3  (table  2),  values  that  agree  well  with 
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TABLE  4.    Refractionation  of  Purified  Deoxyribonuclease  from  Salmon  Testes  with  Ethanol 

Experimental  procedure:  Fraction  N  was  dissolved  in  water  to  a  concentration  of  approxi- 
mately 40  mg  per  ml.  The  protein  was  then  precipitated  stepwise  by  the  addition  of  absolute 
ethanol  at  1°C,  each  fraction  being  separated  by  centrifugation  at  the  same  temperature. 


Total 

Total 

Specific 

Activity, 

units/mg 

protein 

Percentage 

Fraction 

Activity, 
103  units 

Protein, 
mg 

of  Original 

Activity 

Fraction  N 

400 

700 

571 

100 

0-10%    ethanol 

72 

103 

700 

18 

10-12.5%  ethanol 

116 

179 

648 

29 

12.5-15%  ethanol 

110 

182 

604 

28 

15-17.5%  ethanol 

68 

123 

553 

17 

17.5-20%  ethanol 

20 

67 

298 

5 

those  obtained  previously  for  a  cruder 
sample  of  enzyme  (Year  Book  58).  Solu- 
tions containing  >1  mg  of  protein  per 
ml  in  >0.01  M  ammonium  sulfate  have 
remained  at  3°C  for  periods  of  at  least 
3  months  without  loss  of  enzymatic  ac- 
tivity. No  loss  of  activity  is  effected  by 
freezing  and  thawing  aqueous  solutions 
of  the  enzyme;  such  solutions  are  stable 
for  at  least  a  year  at  —  20  °C.  The  DNase 
is  readily  denatured,  however,  at  tempera- 
tures higher  than  70  °C  (table  5). 


TABLE  5.  Heat  Lability  of  Purified  Deoxyribo- 
nuclease  from   Salmon   Testes 

Experimental  procedure:  Aqueous  solutions  of 
fraction  N,  at  pH.  4.5,  were  kept  for  10  minutes 
at  various  temperatures,  cooled  rapidly  in  an  ice 
bath,  left  at  3°C  for  1  hour,  and  centrifuged. 
The  supernatants  were  analyzed  for  DNase  ac- 
tivity and  for  protein. 


Specific 

Tempera- 

Activity, 

Protein, 

Activity, 

ture,  °C 

units/ml 

mg/ml 

units/mg 
protein 

3 

4970 

8.65 

575 

45 

4990 

8.70 

573 

50 

5070 

8.60 

590 

55 

5100 

8.65 

590 

60 

4990 

8.60 

580 

65 

5160 

8.60 

600 

70 

3520 

7.79 

452 

75 

863 

7.44 

116 

80 

<50 

6.92 

<10 

Conditions  for  optimal  expression  of  ac- 
tivity. The  optimum  p¥i  for  expression  of 
the  activity  of  salmon-testis  DNase  is  4.8. 
At  this  pH,  the  activity  of  the  enzyme  is 
markedly  dependent  on  both  the  kind  and 
the  concentration  of  electrolytes  in  the 
digestion  mixture.  The  rate  of  hydrolysis 
increases  with  increasing  concentration  of 
salt  until  optimal  conditions  are  reached, 
then  decreases;  each  salt  has  its  own  opti- 
mum concentration  (Year  Book  59).  At 
concentrations  of  electrolyte  that  are  maxi- 
mal for  expression  of  activity  at  p¥L  4.8, 
the  rate  of  hydrolysis  and  the  optimum  p¥i 
appear  to  be  independent  of  the  salt  pres- 
ent. At  other  pH  values  the  same  salt  con- 
centrations give  rise  to  rates  of  hydrolysis 
that  are  again  dependent  on  the  type  of 
electrolyte  (fig.  2) .  The  effects  of  hydrogen 
ions  and  of  electrolytes  on  the  activity  of 
the  enzyme  are  thus  interdependent,  and 
the  role  of  these  agents  is  obviously  com- 
plex. 

Substrate  specificity.  The  data  in  fig- 
ure 3  show  that  DNase  II  from  salmon 
testes  degrades  native  DNA  from  such 
diverse  sources  as  calf  thymus  and  phage 
T2H  at  equivalent  rates.  The  rates  of 
degradation  of  heat-denatured  DNA  are 
much  slower,  however,  being  reduced  by 
factors  of  6.5  and  10  for  phage  and 
thymus  DNA,  respectively.  Similar  results 
have  been  obtained  recently  by  Lehman, 
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Fig.  2.  Effect  of  electrolytes  on  the  activity  of 
salmon-testis  deoxyribonuclease  at  various  pH's. 
Concentration  of:  enzyme,  0.8  unit;  DNA,  0.025 
per  cent;  electrolytes,  {A)  0.1  M  sodium  acetate 
buffer,  (B)  0.042  M  sodium  chloride  plus  0.002 
M  sodium  acetate  buffer. 

Roussos,  and  Pratt,  at  the  Stanford  Uni- 
versity School  of  Medicine,  with  an  endo- 
nuclease  from  Escherichia  coli.  On  the 
other  hand,  the  rate  of  degradation  of 
heat-denatured  thymus  DNA  by  pancreatic 
DNase  I  is  only  slightly  slower  than  that 
of  native  DNA  (fig.  4) .  The  testis  prepara- 
tion may  contain  two  enzymes,  one  attack- 
ing only  native,  the  other  only  heat-de- 
natured, DNA.  Experiments  to  test  this 
hypothesis  are  now  in  progress,  as  are 
kinetic  studies  of  the  mode  of  action  of 
the  enzyme.  A  conclusion  as  to  whether  or 
not  the  differences  in  rates  of  hydrolysis  of 
native  and  denatured  DNA  are  due  to 
differences  in  the  number  of  strands  in  the 
DNA  molecule  awaits  these  results. 

Like  pancreatic  DNase  I,  the  salmon 
enzyme  does  not  degrade  apurinic  acid; 
hence  part  of  the  difference  in  rate  of 
degradation  of  native  and  heat-denatured 
DNA  by  these  enzymes  may  be  due  to 
small  losses  of  purines  during  the  heating 


process.  Nor  does  it  affect  the  infectivity 
of  phage  T2H :  when  suspensions  of  T2H 
containing  initially  6  X  1011  phage  particles 
per  ml  were  treated  for  20  hours  at  25  °C 
with  0,  0.1,  1,  and  10  mg  of  enzyme,  re- 
spectively, they  yielded  titers  of  3.9,  3.8, 
3.9,  and  3.8  X  1011.  These  data  were  col- 
lected with  the  active  cooperation  of  Dr. 
Burgi,  to  whom  we  are  also  indebted  for 
the  preparation  of  purified  phage  T2H 
DNA. 

Cytochemical  analyses  have  shown  that 
salmon-testis  DNase  II,  like  pancreatic 
DNase  I  but  unlike  the  onion-root-tip 
DNase  reported  on  in  Year  Books  51  and 
52,  degrades  intracellular  DNA  without 
pretreatment  with  ribonuclease.  Additional 
cytochemical  studies  with  the  salmon  en- 
zyme are  now  being  conducted  by  Dr.  Gay 
and  Miss  Weingart,  and  will  be  discussed 
in  a  later  report. 

Synthetic  capabilities.   Except  in  malig- 
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to  1°C. 

nant  cells,  increased  growth  rate  has  in- 
variably been  found  to  be  associated  with 
an  increase  in  DNase  II  activity.  The  level 
of  enzymatic  activity  rises,  in  tissue  regen- 
eration, at  a  rate  proportional  to  the  rate 
of  DNA  synthesis,  although  high  DNase 
activity  persists  for  some  time  after  cessa- 
tion of  growth.  Thus  an  intimate  relation- 
ship seems  to  be  evidenced  between  this 
enzyme  and  DNA  metabolism.  Yet  it  is 
difficult  at  present  to  equate  the  hydrolyz- 
ing  action  of  DNase  II,  so  easily  demon- 
strable in  vitro,  with  this  increase  in  the 


enzyme  paralleling  augmented  DNA  syn- 
thesis in  vivo,  since  there  is  rather  strong 
evidence  that  during  the  life  of  a  cell  the 
DNA  it  contains  is  broken  down  very 
slowly,  if  at  all.  One  remote  possibility  is 
that  DNase  II  can  act  both  as  a  polymerase 
and  as  a  depolymerase,  environmental  con- 
ditions determining  which  function  will  be 
expressed.  This  supposition  has  been  tested 
by  assaying  salmon-testis  DNase  for  syn- 
thetase activity,  under  conditions  that  have 
been  found  optimal  for  thymus  poly- 
merase, with  increase  in  viscosity  as  our 
criterion.  The  reaction  mixtures  contained, 
in  a  volume  of  2.5  ml,  2  mg  each  of  de- 
oxyadenosine,  deoxycytidine,  deoxyguano- 
sine,  and  deoxy thymidine  triphosphate; 
0.1  mg  of  heat-denatured  calf-thymus 
DNA;  100  utrioles  of  potassium  phosphate 
buffer,  /?H  7.2;  15  umoles  of  magnesium 
chloride;  and  from  0  to  2.5  mg  of  DNase, 
fraction  N.  No  evidence  of  synthetase 
activity  was  obtained.  Under  these  condi- 
tions of  pH  and  electrolyte  concentration, 
salmon-testis  DNase  shows  only  about  one- 
millionth  of  its  normal  hydrolytic  activity 
as  measured  under  optimal  conditions. 

Biological  activity.  Dr.  Berwind  P.  Kauf- 
mann  and  Mrs.  Buchanan  are  now  testing 
the  ability  of  the  salmon-testis  DNase  II 
to  produce  mutants  when  injected  into 
males  of  Drosophila  melanogaster,  in  an 
extension  of  similar  studies  with  pancreatic 
DNase  I  (Year  Books  58,  59).  Dr.  Ber- 
wind N.  Kaufmann,  of  the  Moore  Clinic, 
Johns  Hopkins  Hospital,  is  testing  its  effect 
on  human  leucocytes  growing  in  tissue 
culture.  Since  both  these  investigations  are 
still  in  preliminary  stages,  the  results  will 
be  reported  in  a  later  Year  Book. 


FURTHER  STUDIES  OF  THE  SUPPRESSOR-MUTATOR  SYSTEM  OF 
CONTROL  OF  GENE  ACTION  IN  MAIZE 

Barbara  Mc Clint oc\ 

For  many  years,  evidence  of  the  presence  studies   of  maize,   and  these  components 

in  the  chromosome  complement  of  dis-  were    designated    "controlling    elements." 

tinct  genetic  components  that  control  the  Recently,   however,    controlling   elements 

action  of  genes  was  available  only  from  have  been  identified  in  bacteria,  where  it 
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is  possible  to  explore  at  the  chemical  level  which  the  gene-associated  element  re- 
some  aspects  of  their  mode  o£  action.  It  is  sponds,  a  particular  change  in  these  con- 
expected  that  continued  examination  of  ditions  being  reflected  in  a  particular 
these  elements  in  bacteria  will  lead  to  an  change  in  action  of  the  gene.  It  thus  is 
appreciation  of  the  mechanism  of  their  comparable  to  the  regulator  element  in 
operation,  with  a  precision  that  would  be  bacteria.  In  maize,  as  in  bacteria,  each 
difficult  or  impossible  to  duplicate  in  maize,  operator-regulator  system  is  quite  specific : 
Nevertheless,  at  the  phenotypic  level,  the  an  operator  element  will  respond  only  to 
performances  of  the  bacterial  and  maize  the  regulator  element  of  its  own  system, 
control  systems  exhibit  parallels  that  sug-  Discovery  of  the  presence  of  controlling 
gest  basic  similarities  in  gene  control  in  elements  in  maize  was  made  possible  by 
these  two  widely  separated  organisms,  the  fact  that  under  certain  conditions  a 
The  bacterial  systems,  as  described  by  Jacob  controlling  element  may  be  transposed 
and  Monod,  are  composed  of  two  genetic  from  one  location  to  another  in  the  chro- 
elements,  each  distinct  from  the  "struc-  mosome  complement.  Transposition  of  the 
tural"  gene.  One  of  them,  termed  the  operator-like  element  to  the  locus  of  a  gene 
"operator,"  is  adjacent  to  the  structural  will  bring  the  action  of  that  gene  under 
gene  (or  sequence  of  structural  genes),  the  control  of  the  system  to  which  the 
and  directly  controls  its  activation.    The  element  belongs. 

structural  gene  is  considered  to  carry  the  During  the  year,  studies  of  one  of  these 
code  that  is  responsible  for  a  particular  systems  were  extended.  The  element  that 
sequence  of  amino  acids  and  thus  for  the  is  comparable  to  the  regulator  in  this 
specificity  of  a  protein.  When  the  struc-  system  is  designated  Suppressor-mutator 
tural  gene  is  activated,  this  protein  is  {Spm),  and  the  system  has  been  referred 
formed.  The  second  element  of  the  system,  to  in  the  past  as  the  Spm  system  of  con- 
termed  the  "regulator,"  may  be  located  trol  of  gene  action. 

either  near  the  structural  gene  or  elsewhere  Knowledge  of  the  function  of  the  Spm 
in  the  bacterial  chromosome.  The  regula-  system  was  initially  obtained  by  studying 
tor  is  responsible  for  the  production  of  a  gene  action  at  the  Ax  locus  in  chromosome 
repressor  substance,  not  a  protein,  that  ap-  3  and  the  A2  locus  in  chromosome  5  after 
pears  in  the  cytoplasm.  The  operator  ele-  the  operator  element  of  the  system  had 
ment  responds  in  some  yet  unknown  man-  been  inserted  at  each  of  these  loci.  The 
ner  to  a  change  in  degree  of  effective  action  modified  loci  were  designated  ai"?  and 
of  the  repressor  substance  by  turning  on  or  #2m_1.  Three  additional  inceptions  of  con- 
turning  ofr"  the  functioning  of  the  struc-  trol  of  gene  action  by  this  system  have  now 
tural  gene  in  accordance  with  such  change,  been  investigated.  Two  of  them  again 
Each  operator-regulator  system  is  specific,  involve  the  standard  Ax  locus  in  chromo- 
in  that  an  operator  will  respond  only  to  the  some  3,  and  are  designated  aim~2  and  aim~5. 
particular  product  of  the  regulator  of  its  The  symbols  ra-1,  m-2,  and  m-5  refer  to 
system.  the  order  in  time  of  inception  of  control 
In  maize,  likewise,  some  of  the  control  of  gene  action  of  Ax  by  the  Spm  system 
systems  are  composed,  basically,  of  two  (m-3  and  m-A  refer  to  inceptions  of  con- 
elements.  One,  closely  associated  with  the  trol  of  gene  action  at  Ax  by  the  Ds-Ac  con- 
structural  gene  and  directly  controlling  its  trol  system) .  The  third  inception  involves 
action,  can  be  likened  to  the  operator  ele-  the  locus  of  Wx  in  chromosome  9,  and  the 
ment  in  bacteria.  The  other,  which  may  modified  locus  is  designated  wxm~*.  (Both 
be  located  near  the  first  element  or  may  be  Ax  and  A*  are  associated  with  anthocyanin 
independently  located  in  the  chromosome  pigment  formation  in  plant  and  kernel, 
complement,  establishes  the  conditions  to  Wx  is  associated  with  production  of  amyl- 
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ose  in  the  pollen  grain  and  the  endosperm 
of  the  kernel.)  The  type  of  evidence  that 
has  allowed  recognition  of  control  of  gene 
action  at  aim~2,  ax™"5,  and  wxm~8  by  the 
Spm  system  will  be  reviewed  in  the  fol- 
lowing sections. 

Control  of  ax™"2  by  the  Spm  System 

Early  in  the  study  of  a2m~1,  an  ear  of  a 
plant  that  was  Ax/ax  (standard  recessive) ; 
A2/a2  in  constitution  was  utilized  in  a 
cross  with  a  plant  that  was  homozygous 
for  the  standard  recessive,  ax,  and  for  the 
standard  dominant,  A2.  (The  standard 
recessive,  ax,  is  completely  stable  in  the 
presence  of  Spm.  There  is  an  operator 
component  at  the  locus  of  standard  a±9  but 
it  belongs  to  the  control  system  of  which 
Dotted,  Dt,  is  the  regulator.  The  a2  in  the 
heterozygous  parent  plant  was  derived 
from  mutation  at  a^1,  which  had  oc- 
curred in  a  cell  whose  nucleus  also  carried 
active  Spm.)  The  phenotypes  of  the 
kernels  on  the  ear  produced  by  this  cross 
were  those  expected,  with  one  exception. 
Instead  of  being  either  fully  pigmented  or 
totally  colorless,  the  exceptional  kernel  ex- 
hibited spots  of  pigment  in  a  nonpig- 
mented  background,  suggesting  that  the 
Ax  locus  had  been  modified  in  a  cell  of 
the  ear-bearing  parent  plant,  whose  prog- 
eny cells  gave  rise  to  the  kernel.  The 
plant  derived  from  this  kernel  also  ex- 
hibited variegation  for  anthocyanin  pig- 
mentation, and  tests  conducted  with  it  con- 
firmed the  presence  of  a  modified  Ax  locus, 
which  was  then  designated  ax™"2. 

Initial  tests  of  aim~2,  conducted  some 
years  ago,  showed  that  mutations  occur 
at  this  locus  and  that  they  result  in  two 
distinct  types  of  mutants,  whose  subse- 
quent expressions  are  stable.  Gene  action, 
in  both  plant  and  kernel,  expressed  by  one 
type  (type  1)  resembles  that  produced  by 
the  standard  Ax.  Mutants  of  the  second 
type  (type  2)  occur  far  more  frequently, 
and  fall  into  a  graded  series  with  respect 
to  ability  to  form  anthocyanin  pigment. 
A  small  percentage  of  them  exhibit  the 


null  expression,  but  most  of  them  produce 
pigment  in  the  aleurone  layer;  the  intensity 
of  pigmentation,  ranging  from  faint  to 
rather  deep,  distinguishes  the  mutants  from 
one  another.  All  type-2  mutants  that  pro- 
duce pigment,  however,  are  characterized 
by  differences  in  intensity  among  indi- 
vidual cells  of  the  aleurone  layer :  the  layer 
is  speckled  with  cells  in  which  the  pigmen- 
tation is  much  more  intense  than  in  sur- 
rounding cells.  The  expression  of  type-1 
and  type-2  mutants  also  differs  in  the  plant. 
With  respect  to  distribution  of  anthocyanin 
pigment  to  various  parts  of  the  plant,  and 
response  of  the  pigment-producing  system 
to  sunlight,  the  expression  of  type-1  mu- 
tants resembles  that  associated  with  stand- 
ard Ax.  When  a  type-2  mutant  that 
produces  pigment  is  present,  the  pigment  is 
restricted  to  certain  parts  of  the  plant,  and 
the  response  of  the  pigment-producing 
system  to  sunlight  is  much  retarded. 

The  early  studies  of  ax1r^2  were  con- 
ducted with  only  three  successive  genera- 
tions of  plants,  and  the  system  responsible 
for  control  of  its  behavior  was  not  then 
identified.  Some  years  later  when  the  Spm 
system  had  been  identified  through 
analyses  of  ax™r~x  and  a2m~1  behavior,  it  was 
suspected  that  this  system  was  also  re- 
sponsible for  control  of  gene  action  at 
tfi™-2.  Consequently,  examination  of  ax1"2 
was  recommenced,  and  a  number  of  ex- 
ploratory tests  were  conducted  with  it  dur- 
ing the  past  year.  They  revealed  that  gene 
action  at  ax™-2  is  under  the  control  of  the 
Spm  system.  The  results  also  suggest  that 
in  this  instance  Spm  is  located  close  to  the 
structural  gene(s)  of  the  Ax  locus,  and 
that  its  transposition  away  from  that  locus 
is  associated  with  the  induction  of  the 
above-described  mutants.  It  is  possible 
here,  as  with  bzm~2  (see  Year  Book  55),  that 
the  operator  and  regulator  components 
both  reside  at  or  near  the  locus  of  the 
structural  gene,  and  that  mutation-induc- 
ing events  are  usually  associated  with  re- 
moval of  both  elements  from  the  vicinity  of 
the  locus.   If  so,  removal  of  the  regulator 
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element    Spm    without    concomitant    re-  observed  among  the  kernels  within  the 

moval  of  the  operator  element  should  occur  sector,  although  it  was  present  in  kernels 

on  rare  occasions,  and  a  search  that  may  on  other  parts  of  the  same  ear.  On  other 

reveal  this  event  is  under  way.  ears,  Spm  was  present  in  the  cells  that 

The  conclusion  that  the  Spm  system  produced  the  sector  but  was  not  closely 
controls  gene  action  at  ai^2  is  derived  linked  with  the  mutant  phenotype. 
from  several  types  of  observation.  In  the  The  above-described  observations  con- 
first  place,  Spm  was  present  in  each  of  44  formed  with  the  assumption  that  Spm  is 
#im~2-carrying  plants  that  were  tested  for  responsible  for  control  of  gene  action  at 
its  presence.  Its  location  was  very  close  to  tfi"1-2;  but  the  decisive  evidence  was  ob- 
di""2  in  plants  that  had  only  one  Spm  tained  from  observations  of  the  response 
element;  in  plants  having  two  such  ele-  of  at11-2  to  change  in  phase  of  activity  of 
ments,  one  was  located  close  to  ax1-2.  Some  Spm.  When  Spm  is  in  its  inactive  phase, 
plants  had  three  or  more  independently  no  gene  action  at  a™"2  is  expressed  in  either 
located  Spm  elements,  but  when  so  many  plant  or  kernel,  and  consequently  antho- 
were  present  the  tests  did  not  give  con-  cyanin  pigment  is  absent.  When  Spm  is  in 
elusive  evidence  of  their  relative  locations,  its  active  phase,  however,  mutations  occur 
The  second  pertinent  observation  concerns  that  permit  production  of  anthocyanin. 
Spm  constitution  and  location  in  plants  Moreover,  if  a  plant  or  kernel  begins  de- 
carrying  a  stable  mutant  of  a^2.  In  velopment  with  Spm  in  an  inactive  phase, 
crosses  of  tfim-2-carrying  plants  to  plants  the  time  of  occurrence  of  such  mutation 
homozygous  for  standard  ax  and  having  no  at  a\m~2  is  a  function  of  the  time  during 
Spm,  some  kernels  carrying  a  germinal  development  when  Spm  changes  to  an  ac- 
mutation  may  be  present  on  the  ears  in  tive  phase:  the  later  the  time  of  change, 
addition  to  those  that  have  received  un-  the  later  the  occurrence  of  mutation, 
modified  a\m~2.   Tests  of  the  presence  or 

absence  of  Spm  in  plants  from  both  types  A   Third  inception  of  Control  of  Gene 
of  kernels  revealed  that  Spm  was  present  Action  at  the  Ax  Locus  by  tne 

in  each  plant  derived  from  a  kernel  carry-  ^pm  System 

ing  an  unmodified  ax1'2,  and  that  when 

only  one  Spm  was  present  it  was  located         In   the   course   of  investigation   of  the 

close  to  aim~2.    In  contrast,  some  of  the  Ds-Ac  system  of  control  of  gene  action,  it 

plants  derived  from  the  mutant  class  of  was  necessary  to  maintain  a  stock  culture 

kernels  had  no  Spm,  whereas  in  others,  carrying  a  particular  combination  of  gene 

although  Spm  was  present,  it  was  never  markers   and   also   Ac.    This   stock    was 

found  to  occupy  a  position  adjacent  to  the  homozygous  for  the  standard  dominant 

locus  of  the  mutant.  alleles  of  all  but  one  (i.e.,  Bz)  of  the  gene 

The  third  pertinent  observation  is  con-  loci  associated  with  anthocyanin  pigment 
cerned  with  Spm  constitution  in  the  parts  formation.  To  maintain  this  stock,  sib 
of  ears  of  aim~2/cix  plants  that  are  derived  crosses  were  made  each  year.  In  1957,  an 
from  cells  in  which  a  mutation  at  a™'2,  ear  produced  by  one  of  these  sib  crosses  re- 
producing a  stable  allele,  has  occurred  early  vealed  the  presence  among  some  of  its 
in  plant  development.  If  such  an  ear  is  kernels  of  somatically  occurring  change  in 
tested  for  the  presence  or  absence  of  Spm  action  of  a  gene  concerned  with  antho- 
in  individual  kernels,  it  is  possible  to  learn  cyanin  pigment  formation.  The  following 
whether  this  element  was  present  in  the  year,  testcrosses  were  made  with  a  few 
cells  that  produced  the  mutant  sector,  and,  plants  grown  from  these  kernels,  to  deter- 
if  so,  its  position  in  relation  to  the  mutant  mine  whether  the  locus  involved  was  one 
locus.  On  some  ears  exhibiting  such  that  had  previously  been  identified.  It 
mutant  sectors,  no  evidence  of  Spm  was  proved  to  be  Ai  in  chromosome  3;  and 
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the  modified  locus  was  designated  aim~5.  A  class  II  state  of  aim~5  was  also  ex- 
Other  crosses  with  these  plants  indicated  amined.  In  the  absence  of  active  Spm,  this 
that  the  Ac  system  was  not  in  control  of  state  produces  a  low  level  of  gene  action 
gene  action  at  tfi"1-5.  Spm,  however,  was  in  both  plant  and  kernel,  whereas  in  the 
found  to  be  present  in  each  tfi^^-carrying  presence  of  active  Spm  all  gene  action  is 
plant  that  exhibited  somatically  occurring  suppressed.  With  this  state,  however,  in 
changes  in  gene  action;  and  the  ratio  of  contrast  to  the  class  I  states,  no  mutation- 
kernel  types  on  ears  produced  by  test-  inducing  events  or  alterations  of  state 
crosses  with  these  plants  suggested  that  were  observed.  It  behaves  as  a  typical  class 
gene  action  at  tfi"^5  might  be  under  the  II  state. 

control  of  the  Spm   system.    Tests  con-  One  unusual  state  of  ^i*"5  was  identified 

ducted  during  the  past  year  have  shown  and  further  examined.   In  the  absence  of 

this  to  be  so.  active  Spm,  this  state  expresses  a  low  level 

The  originally  isolated  state  of  aim~5,  in  of  A\  gene  action  in  both  plant  and  kernel, 
the  presence  of  an  independently  located,  When  an  active  Spm  is  present,  all  gene 
active  Spm,  is  characterized  by  the  pro-  action  is  suppressed  but  alterations  of  ^i™-5 
duction  of  somatic  mutations  to  stable  do  occur,  many  of  them  resulting  in  the 
alleles  of  Ai,  often  occurring  early  in  appearance  of  new  states.  The  new  states 
plant  or  kernel  development.  Most  of  them  are  distinguished  from  one  another  by  the 
fall  into  two  distinct  groups :  those  that  types  of  mutation  they  give  in  the  presence 
express  high  levels  of  Ai  gene  action,  and  of  active  Spm,  by  the  relative  frequency  of 
those  that  express  either  low  levels  or  the  occurrence  of  each  type  (if  more  than  one 
null  level.  Mutants  of  these  two  main  type  is  produced),  by  the  time  during  de- 
types  occur  with  nearly  equal  frequencies,  velopment  when  the  mutations  occur,  and 
and  both  are  stable  in  the  presence  of  ac-  by  the  frequency  of  occurrence  of  mutation 
tive  Spm.  The  original  state  of  a^  also  at  any  one  time  during  development.  Thus 
gives  rise  to  new  states  in  the  presence  of  an  array  of  new  states  has  been  derived 
active  Spm,  either  class  I  or  class  II.  from  this  one  state. 

The  original  state  of  at™"5  produces  so 

many    early-occurring    mutations    in    the  Control  of  Gene  Action  at  the  Locus  of 

presence  of  active  Spm  that  it  was  not  as  Wx  by  the  Spm   System 
useful  as  some  of  the  derived  states  for 

the  purpose  of  determining  whether  or  During  examination  of  the  relative  fre- 
not  the  Spm  system  is  responsible  for  con-  quencies  of  production  of  different  types 
trol  of  gene  action  at  aim~5.  The  derived  of  stable  mutants  of  A2  given  by  the 
class  I  states  that  give  rise  to  mutations  original  state  of  a2m_1  in  the  presence  of 
only  late  in  development  of  plant  and  active  Spm,  an  ear  of  a  plant  having  the 
kernel  served  this  purpose  well,  however,  constitution  a2m~1  bt/a2  Bt;  Wx/wx  was 
and  four  such  states  were  selected  for  tests,  used  in  a  cross  with  a  plant  that  was 
It  was  learned  that  when  Spm  is  absent  (or  homozygous  for  a2,  bt,  and  wx  and  had 
present  in  an  inactive  phase)  each  of  these  no  Spm.  (a2  =  standard  recessive,  stable 
states  is  characterized  by  a  low  level  of  in  the  presence  of  active  Spm;  bt  —  brittle 
A\  gene  action,  in  both  plant  and  kernel,  endosperm,  located  approximately  6  cross- 
an  expression  that  continues  as  long  as  over  units  from  the  locus  of  A2  or  its 
Spm  is  absent  or  inactive;  but  in  the  alleles.)  The  kernel  types  on  the  resulting 
presence  of  active  Spm  all  gene  action  is  ears  were  those  expected,  with  one  ex- 
suppressed,  until  in  some  cells,  late  in  the  ception.  The  exceptional  kernel  was  color- 
development  of  plant  or  kernel,  a  mutation-  less  and  Bt,  but  was  neither  totally  Wx 
inducing  event  at  tfi™-5  allows  some  level  of  nor  totally  wx.  The  endosperm  was  a 
Ai  gene  action  to  be  expressed.  mosaic  of  sectors  exhibiting  different  levels 
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of  Wx  gene  action,  from  the  null  level  their  behavior  could  be  compared.    Cor- 

(wx)  in  some  sectors  to  the  full  Wx  level  respondence    in    response    of    ^2W-1    and 

in  others,  the  pattern  resembling  that  pro-  wx™"8  in  these  kernels  was  so  complete 

duced  by  the  particular  state  of  a2m~1  in  the  that  there  could  be  no  doubt  of  control  of 

ear-bearing  parent  plant  in  the  presence  wx™"8  by  the  Spm  system.  They  responded 

of  active  Spm.   It  was  suspected  that  the  in  like  manner  to  presence  or  absence  of 

operator  element  of  the  Spm  system  had  active  Spm,  to  Spmw,  and  to  an  inactive 

been   incorporated    at   the    Wx  locus    in  Spm  that  underwent  change  to  the  active 

chromosome  9  in  a  cell  of  this  plant,  and  phase  in  a  few  cells  late  in  kernel  de- 

that  the  descendants  of  this  cell,  which  velopment. 

gave  rise  to  the  exceptional  kernel,   ex-  The  behavior  of  this  original  isolate  of 

pressed  control  of  gene  action  at  the  Wx  wx™"8  may  be  summarized  as  follows:  In 

locus  by  the  Spm  system.    A  plant  was  the  absence  of  active  Spm,  it  exhibits  a 

grown  from  the  exceptional  kernel  (plant  very  low  level  of  gene  action,  an  expression 

number  7774)  and  subjected  to  tests  that  that  remains  stable  as  long  as  Spm  is  ab- 

would  determine  whether  or  not  the  hy-  sent  or  is  present  in  an  inactive  phase, 

pothesis  was  correct.  The  results  gave  clear  With  a  fully  active  Spm,  all  gene  action  is 

evidence  of  control  by  the  Spm  system  of  suppressed  until  a  mutation-inducing  event 

gene  action  at  wx™''8,  as  the  newly  modi-  at  wx™"8  results  in  a  stable  mutant.  Some 

fied  Wx  locus  was  designated.  such  mutants  give  rise  to  the  apparent  full 

Plant  7774  proved  to  be  a2  Bt/a2   bt,  Wx  phenotype;  others  produce  an  inter- 

wxm~8jwx  in  constitution,  and  it  had  two  mediate  level;  and  still  others  give  a  very 

independently  located  active  Spm  elements  low  level  or  the  null  expression.  Such  mu- 

in  most  of  its  tested  parts.  The  plant  pro-  tations  may  occur  in  a  cell  either  early  or 

duced  three  tillers;   and  testcrosses  were  late  in  plant  or  kernel  development.  Plant 

made  with  pollen  from  the  main  stalk  and  7774  exhibited  some  early-occurring  muta- 

from  each  of  the  tillers.    In  addition,  it  tions.    One  of  its  ears,  for  example,  was 

produced  four  fertile  ears,  and  a  testcross  derived  from  a  cell  in  which  a  mutation 

was  made  with  each.    The  types  of  test-  had  restored  full  Wx  gene  expression;  and 

cross  that  established  Spm  control  of  gene  one  of  its  tassels  had  a  large  sector  carrying 

action  at  wx™"8  were  as  follows:  a  stable  mutant  that  gave  the  null  (wx) 

1.  Reciprocal  crosses  with  plants  having  expression, 
no  Spm   that  were  homozygous  for  the 

standard,  stable  recessive  wx  and  carried  Control  of  Reversals  in  Spm  Activity 

a  class  I  state  of  a2™"x.    Three  distinctly  Phase 

different  class  I  states  of  a2™"x  were  utilized 

in  this  test.  An  important  aspect  of  the  Spm  control 

2.  Crosses  to  plants  homozygous  for  wx  system  is  the  cyclically  occurring  change  in 
and  carrying  a  class  I  state  of  a2m~1  and  phase  of  activity  of  Spm—  from  active  to 
also  Spmw  (a  weak-acting  Spm;  see  Year  inactive  and  back  to  active.  It  was  early 
Book  56).  noted  that  the  duration  of  a  phase  is  con- 

3.  Crosses  to  plants  homozygous  for  wx  trolled  in  some  manner.  It  may  be  short, 
and  carrying  a  class  II  state  of  a2™"x.  Some  lasting  only  a  few  cell  generations,  or  it 
of  the  plants  had  no  Spm;  others  carried  may  extend  through  many  cell  genera- 
Spm  in  an  inactive  phase  of  long  duration,  tions    or    even    plant    generations.     The 

In  the  kernels  on  the  ears  produced  by  early    studies    also    suggested    that    con- 

these  crosses,  a2™"x  served  as  an  indicator  trol  of  the  duration  of  a  phase  resides, 

of  the  presence  or  absence  of  Spm,  and  of  primarily,  in  the  event  that  initiates  the 

its  type  of  action  if  present.  In  each  kernel  reversal  of  phase.  To  obtain  more  evidence, 

that  had  received  both  a2™"x  and  wx™*8,  additional    experiments    were    performed 
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this   year,    all   of   them    conducted   with  earlier,  were  derived  from  a  single  ancestor 

plants  descended  from  a  single  plant  hav-  plant  having  one  Spm   closely  linked  to 

ing  one  Spm  closely  linked  with  the  Wx  Wx   in   chromosome   9.)     In   the   tested 

gene  in  chromosome  9.    The  behavior  of  plants,  the  two  elements  occupied  allelic 

this  particular  Spm  element  has  been  ob-  positions   in  chromosome  9,  the  inactive 

served  through  six  generations  of  plants,  Spm  closely  linked  to  Wx  and  the  active 

and  the  initial  studies  of  reversal  of  phase  Spm  closely  linked  to  wx.  To  test  whether 

of  activity  of  Spm  were  conducted  with  it.  or  not,  under  these  conditions,  control  of 

The  studies  this  year  had  two  objectives:  phase  reversal  would  continue  to  reside  in 

(1)  to  compare  the  times  and  frequencies  each  Spm  element  itself,  the  ears  produced 

of  occurrence  of  phase  reversal  of  Spm  by  each  plant  were  crossed  by  plants  that 

in  sister  plants,  all  carrying  an  Spm  that  were  homozygous  for  wx  and  had  no  Spm, 

had  undergone  reversal  of  phase  in  a  cell  and  also  by  plants  that  were  homozygous 

of  the  mother  plant;  and  (2)  to  determine  for  wx  but  carried  Spm  in  its  active  phase, 

the  stability  of  phases  of  Spm  activity  when  The  second  cross  reveals  the  presence  of 

two    elements   were   present   in   a   plant,  inactive  Spm,  as  described  in  Year  Book  57. 

occupying  allelic  positions  but  in  alternate  The  Wx  and  wx  classes  of  kernels  on  the 

phases  of  activity  at  the  beginning  of  plant  resulting  ears  were  compared  with  respect 

development.   In  all  tests,  a  class  II  state  to  Spm  activity  phase.  It  was  apparent  that 

of  ^2W~1  was  employed  to  detect  the  times  control  of  the  duration  of  activity  phase 

and  frequency  of  occurrence  of  changes  in  had  not  been  modified  in  either  Spm  ele- 

Spm  activity  phase,  as  described  in  previous  ment  by  their  association  at  allelic  positions 

Year  Books.  in  the  nuclei  of  the  ear-bearing  plants: 

1.  Kernels  were  selected  from  an  ear  the  characteristic  duration  of  phase  of  each 
of  each  of  five  different  plants,  either  Spm  was  exhibited  in  the  progeny.  This 
Wx  +/wx  Spm  or  Wx  Spm/wx  +  in  evidence  confirmed  the  previously  drawn 
constitution,  in  which  a  part  of  the  ear  had  conclusion  that  control  of  reversal  of  Spm 
developed  from  a  cell  in  which  a  reversal  activity  phase  resides  in  the  Spm  element 
in  phase  of  Spm   activity   had  occurred,  itself. 

Plants  were  grown  from  kernels  within 

the  sector  exhibiting  the  altered  phase  of  Nonrandom  Selection  of  Genes  Coming 
activity,  and  also  from  kernels  that  had         ^^  tne  Control  of  the  Spm  System 
appeared  on  the  remaining  part  of  each 

ear,  where  no  such  alteration  had  occurred.         Five  independent  inceptions  of  control 

Comparisons  were  made  with  regard  to  of  gene  action  by  the  Spm  system  have 

initial  phase  of  activity  of  Spm,  as  well  as  been  examined  so  far:  three  at  the  locus 

times  and  frequency  of  occurrence  of  re-  of  Ax  in  chromosome  3,  one  at  the  locus  of 

versals  of  phase.    These  observations  re-  A2  in  chromosome  5,  and  one  at  the  locus 

vealed  marked  similarities  in  pattern   of  of  Wx  in  chromosome  9.  Ax  and  Ai  are 

phase  reversal  among  the  plants  derived  associated  with  anthocyanin  pigment  for- 

from  kernels  within  a  sector,  contrasting  mation  in  plant  and  kernel,  and  Wx  is 

with  the  pattern  in  plants  derived  from  concerned  with  development  of  amylose 

kernels  on  other  parts  of  the  same  ear.  starch  in  pollen  and  endosperm.  There  is 

2.  Plants  were  constructed  that  carried  no  reason  to  believe  that  control  of  gene 
one  inactive  Spm  element,  which  for  four  action  by  this  system  is  confined  only  to 
generations  had  exhibited  a  long  duration  genes  associated  with  anthocyanin  produc- 
of  the  inactive  phase,  and  in  addition  an  tion  or  with  the  structure  of  starch.  The 
active  Spm  that  was  known  to  undergo  ease  of  detection  of  any  change  in  action 
phase  reversal  late  in  plant  and  kernel  of  these  genes  is  believed  to  be  responsible 
development.  (Both  elements,  as  was  stated  for  the  ready  determination  of  the  con- 
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trol  system  responsible  for  the  change.  It  the  system  associated  with  one  such  gene 
should  be  recalled  that  early  in  the  study  had  been  examined  in  some  detail.  The 
of  controlling  elements  many  independent  locus  concerned  was  named  "mutable 
inceptions  of  control  of  action  of  genes  as-  luteus"  (lum) .  As  was  mentioned  in  Year 
sociated  with  chlorophyll  development  Book  57,  the  system  responsible  for  con- 
were  recognized.  Study  of  some  of  these  trol  of  lum  resembles  in  detail  the  Spm  sys- 
was  initiated,  but  it  was  soon  decided  to  tern.  Moreover,  a2rn^1  originated  in  a  plant 
discontinue  their  examination  in  order  to  carrying  lum.  It  is  very  probable  that  lum 
concentrate  on  systems  that  affect  genes  as-  represents  a  case  of  control  by  the  Spm 
sociated  with  anthocyanin  development  in  system  o£  a  gene  associated  with  chloro- 
the  kernel  or  in  both  plant  and  kernel.  phyll  production,  although  direct  proof 
It  was  realized  that  much  more  could  be  has  not  been  obtained 

learned  about  the  action  of  a  controlling         T i  c  «.u  j      c  c 

,                                 -r    i        i             .       6  In  analyses  or  the  mode  or  operation  of 

element  on  a  gene  it  the  phenotypic  ex-  '       i                  i_       i             • 

c  a.  &                    u-u-    j  •     i_    i  a  gene-control  system,  the  phenotypic  ex- 
pression or  the  gene  was  exhibited  in  both  ■  .         r   1                         1 1    i  •      > 

i  .  i  i  i  .i  ii  pression  or  the  gene  controlled  is  of  para- 
plant  and  kernels  or  even  in  kernels  alone.  r  .  °  .  i  *  ,  . 
The  kernels  are  especially  valuable  in  this  m0Uf  imPortan<*,  particularly  during 
regard,  because  the  phenotype  of  the  endo-  imtial  fxaminations  of  the  system.  Once  a 
sperm  registers  the  genetic  constitution  in  contr°l  system  ^  been  identified,  through 
the  succeeding  generation.  Very  large  lts  1actJlon1  on  aPProPnate  genes,  and 
numbers  of  kernels  may  be  obtained  in  meth°ds  have  been  devised  that  will 
progeny  tests  of  a  single  individual,  and  readily  detect  its  action  at  other  gene  loci, 
with  little  technical  difficulty.  To  obtain  k  becomes  practicable  to  examine  its  con- 
similar  numbers  of  progeny  plants  would  tro1  of  £enes  wnose  phenotypic  expres- 
introduce  technical  difficulties  of  some  sions  are  less  well  adapted  for  such  studies, 
magnitude,  which  might  reduce  the  effi-  I*1  the  studies  reported  so  far,  genes  that 
ciency  of  the  studies.  Before  the  studies  are  most  appropriate  for  initial  examina- 
of  control  systems  associated  with  chloro-  tion  of  control  systems  have  consistently 
phyll  genes  were  discontinued,  however,  been  chosen. 

THE  NATURE  OF  THE  MATERIALS  OF  HEREDITY 

B.  P.  Kaufmann,  Helen  Gay,  Jennie  Buchanan,  Ann  Weingart,  E.  L.  Lahr, 
V.  R.  Larsen,  and  K.  Maruyama 

Working   with   cells   of   higher   plants  (deoxyribose    and    ribose    nucleic    acids, 

and  animals,  our  group  has  continued  its  histones,  and  nonhistone  proteins)  that  are 

approach  to  problems  of  inheritance  and  essential  for  maintaining  the  integrity  of 

variation  through  analysis  of  the  structure  the  chromosome,  and  those  that  control 

of  chromosomes  and  cytoplasmic  organ-  the  varying  expressions  of  its  genetic  po- 

elles    during   different   stages   of   growth  tentialities  in  cells  of  different  types, 

and    differentiation.     Cytogenetical    and  We  have  found  that  changing  patterns 

chemical  methods  have  been  employed  in  of  organization  characterize  the  chromo- 

studies  of  cells  under  normal  conditions  somes  of  higher  plants  and  animals.  Ma- 

and  after  experimental  modification.   We  terials  such  as  RNA,  proteins,  and  at  times 

have    identified    essential    structural    ma-  even   DNA,   which   accumulate  at  some 

terials  and  attempted  to  determine  the  sig-  stages  of  the  mitotic  cycle,  are  often  dis- 

nificance  of  the  changes  they  undergo  in  carded  during  other  stages — or  when  the 

the  course  of  development.    Particular  at-  genetic  materials  are  packaged  for  trans- 

tention  has  been  directed  to  those  patterns  mission  beyond  the  parent  organism,  as  in 

of  association  of  nucleic  acids  and  proteins  the  production  of  male  gametes.    These 


DEPARTMENT  OF  GENETICS        477 


evidences  of  complexity  and  flexibility  in  been  made  possible  by  a  grant  (RG-149) 

the  genetic  system  appear  at  first  glance  to  from  the  National  Institutes  of  Health, 

conflict  with  the  tenet  of  molecular  biology  U.  S.  Public  Health  Service.  An  additional 

that  "the  biological  phenomenon  identified  USPHS   grant    (RG-5336),   administered 

as  the  gene  is  attributable  to  a   specific  by  the  Long  Island  Biological  Association, 

nucleotide    sequence,"    but    they    become  has  contributed  primarily  to  extension  of 

more  meaningful  when  considered  in  terms  our  electron-microscope  studies.  Funds  af- 

of  the  system  of  checks  and  balances  that  forded  by  RG-5336  enabled  us  during  the 

is  now  known  to  control  the  time,  place,  past  year  to  support  the  work  of  Mrs. 

and  degree  of  activity  of  at  least  some  Gloria  Gillies,  Mr.  Keizo  Maruyama,  and 

genes.  For  we  can  then  evaluate  the  possi-  Dr.  C.  C.  Das. 

bility  that  in  the  course  of  evolution  high  A  National  Science  Foundation  grant  in 

degrees  of  organization  and  differentiation  support   of   an   Undergraduate   Research 

have  emerged  at  the  level  of  the  chromo-  Participation  Program,  sponsored  by  the 

some,  which  thus  affords  in  the  reciprocal  Biological  Laboratory,  brought  to  the  Cold 

action  of  its  respective  parts  a  system  not  Spring  Harbor  laboratories  in  the  past  two 

only  for  the  perpetuation  of  the  genome  in  summers  a  number  of  outstanding  under- 

its  entirety  but  also  for  the  expressional  di-  graduates  from  various  colleges  through- 

versity  of  its  subsidiary  units.  out  the  country.   Thanks  to  the  generous 

Genetic  problems  that  can  be  explored  offer  of  Dr.  Arthur  Chovnick,  Director  of 
in  multicellular  organisms  thus  transcend  the  Biological  Laboratory,  two  of  these 
those  that  are  amenable  to  analysis  in  uni-  students  were  assigned  to  our  laboratory  in 
cellular  forms.  Whereas  research  with  the  summer  of  1960,  and  two  more  in 
simpler  organisms  has  led  in  the  past  few  1961.  They  were  Miss  Alice  Nilsson,  of 
years  to  spectacular  advances  in  our  com-  Alfred  University;  Mr.  Philip  Colbert, 
prehension  of  gene  structure,  function,  and  Wesleyan  University;  Miss  Marietta  M. 
interaction,  studies  of  the  more  complex  Cassle,  Indiana  University;  and  Miss 
plants  and  animals  have  provided  new  Kirsten  Olsen,  Wells  College, 
insight  into  problems  of  morphogenesis  Miss  Alice  L.  Akey  and  Mr.  William 
and  differentiation,  by  revealing  in  the  Perreault,  graduate  students  of  Adelphi 
changing  details  of  cellular  organization  College,  completed  their  research  programs 
the  complexity  within  unity  that  character-  under  the  guidance  of  Drs.  Gay  and  Kauf- 
izes  the  living  organism.  Even  in  the  in-  mann,  and  received  their  M.S.  degrees  in 
vestigation  of  such  a  universal  process  as  June  1961.  Also  during  the  academic  year 
gene  mutation,  some  multicellular  or-  1960-1961,  Dr.  Kathryn  E.  Fuscaldo,  As- 
ganisms  offer  special  advantages  for  ex-  sistant  Professor  of  Biology  at  St.  John's 
perimental  testing  of  the  mutagenic  proper-  University,  carried  out  immunogenetic 
ties  of  high-molecular-weight  substances  studies  of  Drosophila  as  a  guest  investi- 
(as  we  shall  specify  later)  because  of  their  gator  in  this  laboratory;  and  Professor 
capacity  for  engulfing  large  molecules  and  Victor  R.  Larsen,  on  leave  from  the  De- 
transferring  them  from  cell  to  cell.  In  the  partment  of  Biology  at  Adelphi  College, 
light  of  all  these  considerations,  we  have  made  electron-microscope  studies  of  slime 
thought  it  essential  to  continue  within  molds.  Their  work  is  summarized  later 
this    Department    a    program    fashioned  in  this  report. 

along  the  lines  reported  in  recent  Year  Drs.  Gay  and  Kaufmann  continued  as 

Books,  utilizing  in  studies  of  the  cells  of  Guest   Investigators   at   Brookhaven   Na- 

Drosophila,  Tradescantia,  and  other  multi-  tional  Laboratory  and  as  editors  of  Biologi- 

cellular  organisms  the  tools  and  facilities  cat  Abstracts.  Kaufmann  again  served  as  a 

available  for  modern  cytogenetic  research,  member  of  the  Executive  Committee  of  the 

The  wide  scope  of  our  undertaking  has  Division  of  Biology  and  Agriculture,  Na- 
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tional  Research  Council,  and  as  an  Associ- 
ate Editor  of  The  Nucleus  and  the  Inter- 
national Journal  of  Radiation  Biology. 
Since  January  1961  he  has  performed  the 
duties  of  President  of  the  Genetics  Society 
of  America. 

Mutagenic  Action  of  Deoxyribonuclease 

An  understanding  of  the  mechanism 
of  mutagenesis  has  been  one  of  our  re- 
search objectives  for  many  years.  Deter- 
mination of  types  and  frequencies  of  radia- 
tion-induced aberrations  gave  us  an  ap- 
preciable background  of  information  about 
the  kinds  of  changes  that  can  be  induced 
in  chromosomes  without  impairing  their 
viability;  but  this  approach  left  unanswered 
many  questions  about  the  reaction  path- 
ways that  intervene  between  ionization 
and  mutation  and  about  the  nature  of  the 
responding  chromosomal  materials. 

A  more  direct  approach  seemed  to  be 
offered  in  the  use  of  chemicals  having 
known  specificity  of  action  on  chromo- 
somal nucleic  acids  and  proteins;  and  we 
accordingly  initiated  experiments  some 
years  ago  to  determine  whether  nucleases 
and  proteases  could  bring  about  chromo- 
somal modifications  similar  to  those  in- 
duced by  ionizing  radiations  (Year  Books 
47  and  ff .) .  Problems  of  mutagenesis  have 
become  more  sharply  focused  in  recent 
years,  as  evidence  has  accumulated  in  sup- 
port of  the  theory  that  linear  sequences  of 
nucleotides  in  the  deoxyribose  nucleic  acid 
moiety  determine  the  genetic  properties  of 
chromosomal  deoxyribonucleoproteins  in 
terms  of  coding  potential. 

Thus  we  now  have  the  prospect  of  in- 
ducing mutations  experimentally  by  treat- 
ment with  agents  that  can  modify  in  a 
specific  manner  the  DNA  within  the  liv- 
ing cell.  There  are  many  ways  in  which 
such  agents  might  act:  for  example,  by 
altering,  removing,  or  replacing  the  normal 
bases,  or  by  modifying  the  phosphate-sugar 
helices  to  which  the  bases  are  attached. 
Any  of  these  events  could  conceivably  lead 
to  the  production  of  mutations,  within  the 


limits  imposed  by  lethal  effect  of  the  treat- 
ment, on  the  one  hand,  and  repair  of 
the  induced  damage,  on  the  other.  Ex- 
perimental efforts  in  many  laboratories, 
particularly  those  in  which  microorgan- 
isms are  studied,  have  supported  the  a 
priori  assumption  that  mutations  can  be 
produced  by  agents  capable  of  reacting 
with  DNA.  Spectacular  results  have  been 
obtained,  for  example,  by  exposing  bac- 
teriophages and  bacteria  to  the  base 
analogues  5-bromouracil,  5-bromodeoxyuri- 
dine,  and  2-aminopurine,  of  which  the 
first  two  can  substitute  for  thymine  during 
replication,  and  the  last  for  adenine. 

We  chose  to  employ  deoxyribonucleases 
I  and  II,  which  are  capable  of  attacking  the 
3':  5'  phospho-ester  linkages  of  the  phos- 
phate-sugar backbone  of  the  DNA  helices. 
Since  DNase  I  has  a  molecular  weight  of 
about  62,000,  the  problem  of  penetration 
into  living  cells  assumed  considerable  pro- 
portions. Initial  studies  with  the  much 
smaller  molecule  of  ribonuclease  (molec- 
ular weight  =  ca.  13,000)  had  indicated 
that  treatment  with  concentrations  as  high 
as  10  mg/ml  has  no  mutagenic  effect  on 
Bacillus  megaterium  (Year  Book  53). 
Nevertheless,  the  enzyme  had  been  found 
to  cause  chromosomal  aberrations  in  plant 
cells,  from  which  DNase  "leached  out" 
in  the  course  of  treatment  (Year  Books 
52,  53). 

The  probability,  emerging  from  these 
findings,  that  cells  of  higher  plants  and 
animals  may  possess  facilities  not  available 
in  bacteria  for  engulfing  enzyme  molecules 
(e.g.,  pinocytosis),  when  assessed  in  terms 
of  our  knowledge  that  pancreatic  DNase 
can  penetrate  isolated  but  unfixed  plant 
and  animal  cells  (Year  Book  58),  led  us  to 
attempt  the  induction  of  mutations  in 
Drosophila  melanogaster  by  injecting  solu- 
tions of  the  enzyme  into  the  abdomen  of 
the  male  fly  in  proximity  to  the  testes. 
An  additional  consideration  was  the  likeli- 
hood that  the  distribution  of  any  enzyme 
molecules  entering  spermatogenous  cells 
would  be  favored  by  the  system  of  inter- 
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cellular  bridges  that  had  been  found  to 
connect,  for  example,  secondary  spermato- 
gonia and  secondary  spermatocytes  (Year 
Book  56). 

The  preliminary  results,  reported  in 
Year  Book  59,  indicate  that  pancreatic  de- 
oxyribonuclease  (DNase  I)  is  a  mild  but 
effective  mutagenic  agent.  Tests  of  DNase 
II  could  not  be  undertaken  until  recently, 
when  we  obtained  a  sample  of  a  prepara- 
tion purified  by  McDonald  (see  this  vol- 
ume) .  Statistically  meaningful  data  are  not 
yet  available,  but  the  first  counts  suggest 
that  DNase  II  is,  like  DNase  I,  an  effective 
mutagen. 

The  question  of  method  of  action  still  re- 
mains to  be  answered.  Is  our  basic  assump- 
tion correct,  that  DNase  causes  mutations 
and  chromosomal  breaks  by  directly  dis- 
rupting phospho-ester  linkages  and  thereby 
bringing  about  rearrangement  of  DNA 
nucleotides?  As  is  shown  in  table  9  of 
Year  Book  59,  the  progeny  of  DNase-in- 
jected  males  revealed  sex-linked  lethal  mu- 
tations and  chromosomal  rearrangements 
with  significantly  higher  frequencies  than 
were  detected  among  the  progeny  of 
buffer-injected  males.  In  collaboration  with 
Mrs.  Buchanan  and  Mrs.  Gillies,  we  have 
now  extended  the  data  by  determining 
the  frequencies  of  sex-linked  lethals  in- 
duced in  germ  cells  of  D.  melanogaster 
males  injected  with  either  phosphate  buffer 
alone,  DNase  dissolved  in  phosphate  buf- 
fer, or  an  enzymatically  inactive  protein  of 
about  the  same  molecular  weight  as 
DNase,  namely,  bovine  plasma  albumin, 
also  dissolved  in  phosphate  buffer.  The 
data  from  the  first  two  types  of  treatment 
have  been  combined  with  those  previously 
obtained,  from  which  they  do  not  differ 
significantly,  and  are  compared  with  those 
relating  to  the  males  treated  with  bovine 
plasma  albumin  (table  6). 

As  was  reported  in  Year  Book  59,  the 
frequencies  of  lethals  induced  by  DNase 
are  significantly  higher  than  those  found 
among  the  progeny  of  buffer-injected  or 
untreated  males.  What  is  surprising  is  the 


finding  that  bovine  plasma  albumin,  when 
injected  into  male  flies,  has  an  appreciable 
mutagenic  activity,  which  does  not  differ 
significantly  from  that  of  DNase  dissolved 
in  buffer.  Although  the  numbers  of  gam- 
etes tested  for  three  consecutive  three-day 
transfer  periods  are  still  too  small  to 
permit  a  valid  comparison  of  the  effects 
of  this  mutagen  on  cells  at  different  stages 
of  spermatogenesis,  the  over-all  value, 
given  in  table  6,  is  sufficiently  close  to  that 
for   the   DNase-treated   material  to   war- 


TABLE  6.  Mutagenic  Action  of  Deoxyribonu- 
clease  on  Drosophila  melanogaster;  Total 
Numbers  of  Sex-Linked  Lethals  among  Total 
Numbers  of  Spermatozoa  Tested 


Sex-Linked  Lethals 


Treatment 


No. 


% 


1.  Buffer  control  20/15,857  0.126  ±  0.028 

2.  Bovine  plasma 

albumin  control  30/  5,445  0.551  ±  0.100 

3.  Deoxyribonuclease  178/24,449  0.728  ±  0.054 

Diff./S.E. 
1  and  2.    0.425/0.104  =  4.1 

1  and  3.    0.602/0.061  =  9.9 

2  and  3.    0.177/0.114=1.6 


rant  caution  in  formulating  conclusions 
about  the  mode  of  action  of  DNase.  Since 
bovine  plasma  albumin,  which  lacks 
nuclease  activity,  does  have  mutagenic  ac- 
tivity, we  must  consider  the  possibility 
that  the  osmotic  properties  of  a  given  solu- 
tion can  influence  the  materials  of  heredity. 
These  newer  experiments  thus  sustain  our 
earlier  conclusion  that  DNase  is  an  effec- 
tive mutagenic  agent,  but  raise  serious 
questions  about  any  a  priori  assumptions 
regarding  its  mode  of  action.  Experiments 
now  in  progress,  to  determine  the  ability 
of  bovine  plasma  albumin  to  produce 
chromosomal  rearrangements  similar  to 
those  induced  by  DNase  (as  reported  in 
Year  Book  59),  may  help  to  answer  these 
questions. 
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Effect  of  Near-Infrared  Radiation  on 
Crossing  Over 

Some  years  ago  we  discovered  that  pre- 
treatment  of  Drosophila  males  with  near- 
infrared  radiation  increased  by  about  50 
per  cent  the  frequency  of  chromosomal  re- 
arrangements induced  in  the  mature 
spermatozoa  by  a  given  dose  of  X  rays 
(Year  Book  44).  A  more  recent  study 
of  the  effect  of  near-infrared  radiation  on 
crossing  over  in  the  white,  miniature, 
forked  region  of  the  X  chromosome  of 
D.  melanogaster  suggested  that  the  part 
of  the  electromagnetic  spectrum  around 
10,000  A  could  be  effective  in  increasing 
double  crossovers  by  reducing  or  eliminat- 
ing interference  (Year  Book  57) . 

These  studies  have  now  been  extended, 
in  collaboration  with  Miss  Weingart.  Two 
distributional  patterns  of  gene  loci  were 
utilized,  the  first  involving  a  series  of  four 
markers — yellow,  apricot,  split,  and  bifid 
(symbolized  y2,  wa,  spl,  bi) — which  are 
clustered  near  the  tip  of  the  X  chromosome 
within  a  genetic  map  distance  of  6.9  units 
(y2  =  0,  wa  =  1.5,  spl  =  3.0,  bi  =  6.9). 
The  second  comprises  a  series  of  six 
markers  spaced  out  along  the  euchromatic 
part  of  the  X,  namely,  yellow,  apricot, 
crossveinless,  vermilion,  forked,  and  Bar 
(/  =  0,  w  =  1.5,  cv  =  13.7,  v  =  33,  /  = 
56.7,  B  =  57.0) .  Efforts  were  made  to  in- 
crease the  frequency  of  detectable  cross- 
overs in  the  y2  wa  spl  bi  region  by  reduc- 
ing crossing  over  in  the  second  and  third 
chromosomes ;  for  this  purpose  a  stock  was 
synthesized  containing  the  y2-bi  sequence 
in  the  X  and  the  Curly /Plum  and  Ultra- 
bithorax/Stubble  (Cy/Pm;  Ubx/Sb)  in- 
versions in  the  second  and  third  chromo- 
somes. 

The  first  experiments,  to  test  the  effect 
of  near-infrared  radiation  on  crossing  over 
at  the  tip  of  the  X,  were  made  with  the 
type  of  equipment  previously  employed: 
light  from  a  GE  "Infrared-Heat"  bulb  was 
filtered  through  a  saturated  solution  of 
iodine  in  carbon  tetrachloride  and  focused 
on  the  flies,  which  were  contained  in  a  vial 


immersed  almost  to  the  lip  in  a  water  bath 
kept  at  25  °C.  Examination  of  the  progeny 
revealed  38  double  crossovers  among  6477, 
compared  with  18  among  5726  progeny  of 
the  controls  (flies  of  the  same  genetic  con- 
stitution placed  in  vials  in  the  25°  water 
bath  but  not  exposed  to  infrared  radiation) . 
As  measured  by  the  x2  test,  the  difference 
between  the  two  frequencies  is  significant 
(P  =  0.02) .  Since  the  coefficient  of  coin- 
cidence in  the  infrared-treated  group  is 
almost  double  that  in  the  controls,  it  ap- 
pears that  the  treatment  was  effective  in 
reducing  interference,  even  among  markers 
as  closely  spaced  as  y2,  wa,  spl,  and  bi. 

Our  original  conclusion  was  thus  sus- 
tained; but,  as  was  noted  in  Year  Book  57, 
a  meaningful  interpretation  of  the  mode 
of  action  of  near-infrared  radiation  on 
chromosomal  materials  requires  informa- 
tion about  the  action  of  specific  wave- 
lengths. We  accordingly  tested  the  effect, 
on  crossing  over  in  the  y2-bi  and  y2-B 
sequences,  of  the  radiation  transmitted  by 
a  Corning  Glass  filter  (C.S.  7-57)  that 
absorbs  visible  light  but  transmits  radiation 
in  the  wavelength  range  from  about  1.0  to 
about  2.5  u.  The  frequencies  obtained  with 
this  filter  did  not  differ  significantly  from 
those  of  the  unirradiated  controls,  in  either 
the  y2-bi  or  the  y2-B  sequence  of  loci,  al- 
though nearly  3000  progeny  of  each  group 
(experimental  and  control)  were  examined 
for  the  first  sequence  and  close  to  5000  of 
each  for  the  second. 

The  situation  thus  parallels  that  reported 
in  Year  Book  50,  in  which  a  narrow  beam 
of  near-infrared  radiation  centering  around 
0.96  u,  obtained  with  a  Farrand  inter- 
ference filter,  did  not  increase  the  fre- 
quency of  chromosomal  rearrangements 
induced  by  a  given  dose  of  X  rays,  whereas 
a  broad  beam,  transmitted  by  an  iodine- 
carbon  tetrachloride  filter,  so  sensitized  the 
chromosomes  that  approximately  50  per 
cent  more  breaks  participated  in  the  pro- 
duction of  viable  rearrangements  than  in 
either  of  two  other  groups  (treated  with 
X  rays  alone  or  with  X  rays  preceded  by 
9600  A  radiation). 
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On  the  basis  of  these  negative  results,  it  an  opportunity  to  follow  the  changes  that 
might  seem  propitious  to  dismiss  the  prob-  occur  within  this  type  of  cell  as  it  becomes 
lem  as  well-nigh  insoluble,  because  of  the  equipped  to  facilitate  lodgment  of  the 
uncertainty  of  mastering  technical  difncul-  pollen  grain  and  growth  of  the  tube, 
ties,  if  it  were  not  for  the  possibility  that  The  ultrastructural  changes  undergone 
a  solution  would  help  elucidate  the  phe-  by  a  primitive  noncellular  organism  as  it 
nomena  of  chromosome  breakage  and  re-  is  transformed  into  a  cellular  mass  offer 
combination.  With  that  prospect  in  mind,  still  another  approach  to  the  problem  of 
we  are  making  one  further  attempt  by  differentiation.  An  exploratory  investiga- 
testing  the  part  of  the  spectrum  around  tion  of  these  changes  in  a  typical  non- 
0.8  u  (8000  A),  as  transmitted  by  Corning  cellular  slime  mold,  Physarum  polycepha- 
Glass  filter  C.S.  7-69.  lum,  was  initiated  by  Dr.  Larsen.  Trans- 
formation of  the  amorphous,  multinucleate 
Cellular  Differentiation  plasmodium  into  its  resting  variant,  the 

sclerotium,  or  into  the  highly  specialized 

In  the  development  of  a  complex  organ-  cellular  stage,  the  fruiting  body  or  sporan- 

ism,  cells  of  common  origin  and  genetic  gium,  has  been  surveyed  with  the  electron 

constitution  at  times  follow  divergent  path-  microscope. 

ways,    leading    to    the    establishment    of  Differentiation  may  also  be  studied  by 

clearly    distinguishable    specialized    types,  analysis  of  the  interaction  of  different  parts 

Considerable    evidence    has    accumulated  0f  the  genome  in  modifying  the  phenotypic 

during     recent     years     that     irreversible  expression  of  mutant  loci.    Dr.  Fuscaldo 

changes  may  occur  in  both  nucleus  and  has  approached  the  problem  by   a  cyto- 

cytosome  during  the  course  of  cell  dif-  genetic-immunochemical  study  of  the  ef- 

ferentiation  and  specialization,  as  a  conse-  fect  0f  euchromatic-heterochromatic  rear- 

quence  of  altered  intergenic  reactions  or  rangements    on    protein    structure     and 

nucleocytoplasmic  relations   (Year  Books  specificity. 

54-57).  Clues  to  the  predisposing  mecha-  Fine  structure  and  development  of  the 
nisms  may  be  found  in  the  ensuing  struc-  pdlen  grain^  At  telophase  of  the  differen- 
tial modifications,  particularly  if  they  tial  mitosis  m  the  pollen  grain  of  Trades- 
are  studied  at  the  fine-structure  level  ^„^  a  cell  wall  is  laid  down  between  the 
by  electron  microscopy.  Two  approaches  morphologically  identical  generative  and 
should  be  rewarding  in  this  type  of  anal-  vegetative  nuclei  (pi.  3,  A).  This  wall 
ysis:  investigation  of  the  differential  mi-  to  be  composed  0f  the  same  ma- 
tosis  and  the  distinctive  properties  of  the  ^^  as  ^  .^  or  innermost  0£  the 
two  cells  (or  nuclei)  resulting  therefrom;  mQ  cellulose_containing  coats  0£  the  pollen 
and  observation  of  the  changes  that  take  The  newl    f Qrmed  ^  waU  [s  about 

place  within  a  given  cell  type  as  it  assumes  ?AAn  a    i_-  1       j V           1       «.    -u        «  -o 
fi       .       ,      i       j     u    •  i     •    i    u        .  1000  A  thick  and  lies  so  close  to  the  genera- 
tive structural  and  physiological  character-  .             .          ,                ,.   ,              f 
istics  of  its  specialized  state  m*  ™&m  that  very  little  cytoplasm  is 

Studies  of  both  types  were  undertaken  in£clVded  *  the  ?eneratlvf  celL   £he  rest 

this  year  by  Mr.  Maruyama  in  collabora-  °*  the  poUcn-grain  cytoplasm,  which  en- 

tion  with  Dr.  Gay.   The  first  dealt  with  closes  a  Iarge  vacuole'  constitutes  the  cyto- 

the  pollen-grain  mitosis  in  Tradescantia,  some  o£  the  vegetative  cell.   At  the  time 

whose  products  are  the  vegetative  nucleus  the  Pollen  grains  become  attached  to  the 

and    the    generative    cell,    both    enclosed  stigma   cells,   the   generative-cell   wall   is 

within  the  microspore  coats.   The  second  thinner  than  at  earlier  stages,  being  only 

was  concerned  with  the  developing  stig-  about  300  A  thick,  but  it  may  be  readily 

matic  cells  of  this  plant,  from  the  smallest  distinguished  in  electron  micrographs,  by 

bud  to  the  open  flower,  which  afforded  its  lower  electron  density  and  its  meander- 
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ing  pathway,  from  the  cisternae  o£  the  morphology  of  that  cell  in  Trade  scantia  as 

adjacent  elongated  endoplasmic  reticulum  observed  with  the  electron  microscope, 

(pi.  3,  B) .  The  centrally  located  nucleus  is  bounded 

The  discovery  of  the  nature  of  the  by  a  double-layered  nuclear  membrane 
formed  cell  wall  between  the  generative  and  contains  a  mass  of  fine,  uniformly 
and  vegetative  cells  demonstrates  that  a  coiled  chromatin  fibers.  No  evidence  of  a 
true  barrier  exists  between  the  two  nuclei  nucleolus  has  been  observed.  As  in  most 
from  the  time  of  their  formation  in  the  nuclei  that  have  been  described,  the  closely 
pollen  grain.  It  seems  highly  possible  that  associated  layers  of  the  nuclear  mem- 
uneven  cytokinesis,  giving  rise  to  cells  with  brane  show  the  typical  pattern  of  "pores." 
two  radically  different  amounts  and  kinds  Stigma-cell  nuclei,  however,  display  in  ad- 
of  cytoplasm,  may  influence  the  differentia-  dition  to  these  "pores"  another  kind  of 
tion  of  the  sister  nuclei,  which  subse-  interruption  of  the  nuclear  membrane :  the 
quently  become  markedly  different,  the  inner  and  outer  layers  both  protrude  into 
generative  one  crescent  shaped  and  the  the  cytoplasm,  forming  comparatively  large 
vegetative  one  amoeboid.  The  cell  wall  openings.  Sometimes,  only  the  outer  layer 
may  also  regulate  interaction  between  the  projects  into  the  cytoplasm  to  connect  with 
fully  differentiated  cells  of  the  mature  the  endoplasmic  reticulum.  The  signifi- 
pollen  grain  and  enable  them  to  maintain  cance  of  these  phenomena,  which  have 
separate  functions.  Earlier  stages  of  pollen-  been  suggested  as  avenues  of  nucleocyto- 
grain  formation  are  being  studied  to  de-  plasmic  interactions  in  other  organisms,  is 
termine  how  the  partitioning  cell  wall  is  unknown  as  regards  Trade  scantia  stigma 
laid  down.  cells.   The  different  membrane  configura- 

Fine    structure    and    development    of  tions   described   above   were   seen    in   all 

stigma  cells.  From  the  top  surface  of  the  seven  stages  of  development  analyzed  and 

stigma  of  Tradescantia  there  project  long  therefore  do  not  seem  to  be  correlated  with 

fingerlike  "stigma  cells,"  attached  to  one  cellular  changes  involved  in  development 

another  only  at  their  bases.    After  they  and  differentiation. 

have  been  produced  in  definitive  number,  In   the   cytoplasm  of  the   stigma   cells 

and  mitotic  activity  has  ceased,  these  cells  several   kinds   of  organelles   are   evident, 

enlarge  and   show   signs  of  "differentia-  namely,  proplastids,  mitochondria,  Golgi 

tion."    In  order  to  obtain  a  reproducible  bodies,  and  endoplasmic  reticulum.  These 

series  of  developmental  types  of  stigma  structures   are   similar    in   appearance   to 

cells    for    electron-microscopical    analysis,  those  described  for  many  other  types  of 

seven  successive  stages  of  bud  development,  plant  cells.    Several  kinds  of  unidentified 

defined  mainly  in  terms  of  pollen-grain  bodies,  including  granules  about  1  p  in 

cytology  or  floral  characteristics,  were  se-  diameter  enclosed  by  a  single  membrane, 

lected,  in  which:    (1)   microspores  were  and   small  vesicles   about  50-200   mp   in 

present  as  quartets;  (2)  microspores  were  diameter,  are  also  present.  All  these  cyto- 

separated,  each  having  a  large  vacuole;  plasmic    organelles    are    distributed    ran- 

(3)  microspores  were  in  the  mitotic  stage;  domly  throughout  the  cytosome. 

(4)  microspores  were  in  the  binucleate  As  the  stigma  cell  develops  and  differ- 
stage;  (5)  the  generative  nucleus  was  entiates,  the  most  striking  morphological 
crescent  shaped;  (6)  the  flower  was  closed  change  is  the  increase  in  its  size.  Most 
but  petals  were  purple;  and  (7)  flower  of  the  growth  occurs  by  elongation.  In 
was  open  and  pollen  mature.  Before  de-  the  earliest  stage  of  bud  development 
scribing  the  changes  seen  in  the  stigma  studied  (stage  1),  the  cell  is  approximately 
cell  during  this  series  of  developmental  18  u  long  and  10  u  wide.  In  the  intermedi- 
stages,   we   shall   discuss   in   general   the  ate  stage  4,  it  is  about  50  u  by  10  u,  and  in 
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the  most  mature  stage  (7)  it  is  100  u  long  enlarge,  fuse  with  one  another  at  stage  6 

and  20  u  wide.    Most  of  the  volume  in-  (pi.  4,  B),  and  form  a  large  vacuole  at 

crease   is   due   to   cytosome  growth;    the  stage  7  (pi.  4,  C).  In  micrographs  of  the 

nucleus  enlarges  only  slightly.  A  large  part  most  mature  cell  studied,  a  few  of  the 

of  the  older  cell  is  occupied  by  a  cyto-  spindle-shaped  dense  bodies  are  still  ap- 

plasmic     vacuole,    which    extends    both  parent  near  the  nucleus.  The  observations 

apically  and  basically  from  the  centrally  suggest  that  there  are  two  cycles  of  vacuole 

placed  nucleus  and  contains  a  weakly  elec-  formation  in   the  stigma  cell,  each  pre- 

tron-scattering,  homogeneous  material.  Be-  ceded   by   the   formation   and   fusion   of 

cause  of  its  extreme  size,  the  enlarging  dense  bodies,  whose  constituent  materials, 

vacuole   pushes    the    cytoplasm    with    its  homogeneous  background  substance,  and 

formed  organelles  to  the  periphery  of  the  dense  particles  become  dispersed   in   the 

maturing  cell.   The  vacuole  is  very  large  vacuole. 

at  stages  4  and  7,  less  conspicuous  at  stages  Details  of  the  fine  structure  of  the  dense 
5  and  6.  Apparently  there  is  a  cycle  of  bodies  and  of  their  relations  with  other 
formation  and  regression  of  the  vacuole  be-  cytoplasmic  structures  are  best  demon- 
fore  it  finally  attains  its  ultimate  size.  The  strated  in  the  larger  cells  of  stages  5  and  6. 
contents  have  not  been  characterized,  but  Elongated  dense  bodies  are  found  lying 
cytochemical  tests  suggest  that  initially  near  the  nucleus,  parallel  to  layers  of  the 
they  are  proteinlike.  endoplasmic  reticulum  and  to  the  nuclear 

Analysis  of  the  earlier  stages  of  develop-  membrane.  Many  are  enclosed  by  a  single 

ment  of  the  stigma  cell  provided  evidence  membrane,  which  may,  we  believe  for  sev- 

about   the   method   of  formation   of   the  eral   reasons,  be  part  of  the  cytoplasmic 

vacuole.  In  cells  of  stages  1  to  3,  irregularly  membrane   system.    Many   smaller  dense 

shaped  electron-dense  regions,  often  elon-  bodies  look  like  swollen  parts  of  the  endo- 

gated  or  spindle  shaped,  are  seen,  particu-  plasmic  reticulum  (pi.  4,  D,  E) .  The  con- 

larly  near  the  nucleus  (pi.  3,  C) .   These  tents  of  these  swollen  cisternae  are  similar 

structures  will  be  referred   to  as  "dense  to  the  contents  of  larger  dense  bodies  (pi.  4, 

bodies."  Although  they  vary  in  size  within  D).  Sometimes  a  direct  connection  can  be 

any  cell  of  a  given  developmental  stage,  seen  reaching  between  the  endoplasmic  re- 

they  seem  to  become  gradually  larger,  then  ticulum  and  the  single  outer  membrane  of 

to  fuse  with  one   another   and   decrease  a  dense  body  (pi.  4,  D,  E) .  During  fusion 

in  electron  density  during  stages  1-3  (pi.  3,  of   the    dense    bodies,    remnants    of    the 

D).   (When  the  "dense  bodies"  form  a  membranes  are  visible  in  the  interior  of 

single  large  mass,  it  is  then  designated  a  the  large  forming  vacuole  (pi.  4,  B) .  The 

"vacuole.")   As  enlargement  and  fusion  of  observations  thus  suggest  that  the  dense 

the  dense  bodies   progresses,  many  very  bodies  are  in   some  way   related   to  the 

electron-dense  particles  accumulate  within  endoplasmic  reticulum.  A  further  electron- 

them  (pi.  3,  D).  microscopical  analysis   of  these  bodies  is 

In  growth  stage  4,  the  vacuole  occupies  currently  being  carried  out  with  fixatives 

a  large  part  of  the  cell  (pi.  4,  A).    The  other  than  potassium  permanganate;  the 

cytoplasm,  pushed  to  the  periphery,  appears  endoplasmic     reticulum    may    be    more 

to  be  devoid  of  dense  bodies.    The  main  clearly    defined    with    buffered    osmium 

vacuolar  contents,   of   very   low  electron  tetroxide  fixation. 

density,  are  essentially  homogeneous  but         From  the  evidence  obtained  in  this  study 

include  small,  very  electron-dense  particles  of   seven   stages   of   development   of  the 

similar  to  those  seen  in  the  dense  bodies  stigma  cells,  we  have  been  able  to  piece 

of  the  early  stages.  In  stage  5,  the  vacuole  together    a    sequence    of    events    in    the 

disappears  and  there  are  again  many  dense  morphological  differentiation  of  the  cyto- 

bodies  in  the  cytoplasm.  Again  these  bodies  plasm.    These  changes  appear  to  be  re- 
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lated  to  changes  in  the  cytoplasmic  mem-  ules,  and  a  variety  of  other  cytoplasmic 

branes  (endoplasmic  reticulum)  and  conse-  bodies   (pi.  5,  A).    The  nucleus  usually 

quently  may  be  concerned  with  protein  contains   one   or   more    centrally   located 

synthesis.  Our  tests  so  far  have  suggested  nucleoli  in  addition  to  chromatin,  which 

that   the   so-called   dense   bodies   contain  may    be    more    or    less    homogeneously 

protein,  but  more  extensive  cytochemical  dispersed   or   in   the   form   of   numerous 

analyses  for  both  nucleic  acids  and  pro-  scattered  dark  bodies,  smaller  than  nucleoli, 

teins  are  necessary  before  any  definitive  The  nuclei  are  bounded  by  a  well  defined, 

statement  can  be  made  about  the  nature  of  double-layered,  fenestrated  membrane,  re- 

the  materials   involved  in   this   synthetic  sembling  that  found  in  most  higher  plants 

process.  Such  analyses,  by  means  of  stain-  and  animals  as  well  as  in  the  Acrasiae  (the 

ing  tests,  enzymatic  hydrolysis,  and  auto-  cellular  slime  molds),  and  differing  from 

radiography,  are  now  under  way.  the  thicker  nuclear  membrane  of  Protozoa 

The    ultrastructure    of   a   slime    mold,  with  its  complex  inner  layer.  Occasionally, 

Physarum    polycephalum,    a    species    of  vesiculation  results  in   separation  of  the 

Myxomycetes  or  noncellular  slime  mold,  two  layers  of  the  nuclear  membrane.  The 

can  easily  be  cultivated  in  the  laboratory  significance  of  condensation  of  the  chroma- 

and  can  be  induced  by  suitable  environ-  tin  material  and  vesiculation  of  the  nuclear 

mental  manipulation  to  provide  material  membrane  remains  to  be  determined, 

of  all  stages  of  the  typical  life  cycle.  Since  Relatively     large     numbers     of     mito- 

only  a  few  reports  are  available  in  the  chondria,  having  the  typical  double  outer 

literature  about  the  fine  structure  of  this  membrane,  are  seen  throughout  the  plas- 

organism  or  of  any  other  true  slime  mold,  modial  mass  (pi.  5,  A).   The  inner  mito- 

Larsen  has  examined  ultrathin  sections  in  chondrial  membranes  appear  to  be  in  the 

order  to  analyze  the  subcellular  changes  form  of  convoluted  tubules,  similar  to  those 

that  take  place  during  transformation  from  of  protozoans,   some   fungi,   and   higher 

the  acellular  to  the  cellular  forms.  This  re-  plants.  In  material  fixed  with  osmic  acid, 

port  includes  a  preliminary  survey  of  the  small  discrete  bodies  of  various  shapes  and 

ultrastructure  of  the  streaming  vegetative  sizes  are  discernible  within  the  tubules  of 

Plasmodium,  of  dormant  and  germinating  many  mitochondria  (pi.  5,  B) .    Most  of 

sclerotia,  and  of  the  sporangium  or  fruiting  these  particles  are  spherical;  but  elongated 

body,  with  major  attention  to  the  first  of  ones,  appearing  to  conform  to  the  shape 

these.  of  the  tubule  lumen,  are  not  uncommon. 

1.  The  plasmodium.  Only  plasmodial  In  a  recent  study  of  P.  polycephalum  by 
cultures  that  showed  normal  protoplasmic  Stewart  and  Stewart,  these  dense  particles 
streaming  were  selected  for  study.  With  a  were  not  observed  in  the  mitochondria  of 
modification  of  the  open-face  imbedding  plasmodia  but  were  seen  in  those  of 
technique,  it  was  possible  to  identify  and  sclerotia.  Those  workers  postulated  that 
section  specific  regions  of  the  plasmodium  the  difference  might  reflect  the  different 
for  electron-microscopical  observation,  rates  of  oxidative  metabolism  of  the  two 
The  preliminary  survey  revealed  no  dif-  forms,  low  in  sclerotia  and  high  in  the 
ference,  in  either  number  or  location  of  plasmodium.  The  finding  that  dense 
cellular  structures,  between  the  thin  mar-  particles  occur  in  the  mitochondria  of  both 
ginal  forward-moving  region  and  the  forms  tends  to  invalidate  this  suggestion, 
thicker  interior  part  of  the  plasmodial  Vacuoles  and  vacuolar  systems  of  a  be- 
mass.  The  electron  micrographs  show  a  wildering  diversity  are  present  in  all  re- 
lack  of  pattern  in  the  arrangement  of  plas-  gions  of  the  plasmodium.  They  vary 
modial  organelles,  which  include  nuclei,  greatly  in  size,  ranging  from  about  750  A 
mitochondria,  vacuoles  and  vesicles  of  vari-  to  5  u  or  more.  When  sodium  glutamate, 
ous  types,  sizes,  and  shapes,  pigment  gran-  an    agent   that   induces   pinocytosis,   was 
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administered,  an  increase  in  the  number  of 
intermediate-sized  vacuoles  (about  1  u  or 
less  in  diameter)  was  observed  in  the 
region  immediately  adjacent  to  the  margin 
of  the  plasmodium.  The  presumptive  pino- 
cytotic  invaginations  of  the  untreated 
plasmodium  seem  to  be  made  up  of  smaller 
vacuoles.  '  Their  formation  will  be  ana- 
lyzed more  extensively  in  further  studies. 

The  Stewarts  indicated  that  they  found 
no  well  developed  classical  endoplasmic 
reticulum,  and  they  referred  to  all  vacuolar 
components  of  the  plasmodium  as  vesicles. 
Larsen's  micrographs  show,  however,  that 
elements  of  the  endoplasmic  reticulum  are 
in  fact  present.  Small  vesicular  structures, 
with  adherent  darkly  staining  granules  of 
dimensions  appropriate  to  ribosomes,  occur 
in  many  regions  of  the  plasmodium  (pi.  5, 
C).  A  relatively  low  degree  of  organiza- 
tion is  to  be  expected  in  a  cytoplasmic 
membrane  system,  in  view  of  the  highly 
labile  properties  of  the  protoplasm  in  an 
actively  flowing  plasmodium. 

Two  types  of  granules  are  abundant  in 
all  parts  of  the  plasmodium:  irregularly 
shaped  osmiophilic  granules,  about  0.2  u 
in  diameter,  believed  to  correspond  to  the 
pigment  bodies  responsible  for  the  brilliant 
yellow  color;  and  clusters  of  much  smaller 
granules,  of  the  order  of  175  A  in  diameter, 
which  probably  represent  ribosomes. 

2.  The  sclerotium.  Changes  in  the  struc- 
ture of  the  plasmodium  of  P.  polycephalum 
during  sclerotization  represent  a  more  or 
less  casual  reorganization  into  functional 
units,  usually  multinucleate  but  sometimes 
containing  only  one  nucleus,  enclosed  in  a 
membrane  and  commonly  referred  to  as 
spherules.  Plasma  membrane  formation  in 
relation  to  sclerotization  in  P.  poly- 
cephalum has  been  described  by  the 
Stewarts,  who  present  evidence  that  new 
plasma  membrane  may  be  derived  from 
membranes  of  vacuoles  present  in  the 
vegetative  plasmodium.  Larsen  has  been 
concerned  with  the  changes  involved  as 
the  sclerotia  "germinate"  and  form  a  plas- 
modial  mass  with  an  extensive  membrane. 
The  sclerotium,  before  it  is  supplied  with 


water  for  "germination,"  is  extremely  hard 
and  brittle.  Thin  sections  of  good  quality 
are  difficult  to  cut,  but  the  few  obtained 
so  far  show  that  the  architecture  of  the 
sclerotium  is  different  from  that  of  the 
plasmodium.  In  the  desiccated  stage  the 
spherules  show  little  ultrastructure.  Nuclei 
and  pigment  granules  may  be  seen;  but  no 
mitochondria  or  other  components  can  be 
identified  in  the  dense  nonvacuolar  cyto- 
plasm. Two  hours  after  germination  is 
initiated,  the  spherules  have  irregularly 
shaped  nuclei  and  poorly  defined  nuclear 
membranes,  conspicuous  pigment  granules, 
and  mitochondria  containing  dense  par- 
ticles similar  to  those  observed  in  plas- 
modial  mitochondria  but  lacking  well  de- 
fined tubules.  In  material  cultured  for  6 
hours,  the  structural  organization  ap- 
proaches that  typical  of  the  plasmodium. 
No  evidence  was  obtained  to  indicate  that 
vacuoles  are  involved  in  the  formation 
of  the  plasma  membrane  at  the  surface 
of  the  germinating  spherules.  The  increase 
in  membrane  surface  during  plasmodium 
formation  thus  seems  to  involve  a  mecha- 
nism different  from  the  one  governing 
membrane  formation  during  sclerotization. 
3.  The  sporangium.  The  formation  of 
sporangia  was  induced  by  depriving  ma- 
ture cultures  of  food.  Since  "fruiting 
bodies"  are  not  produced  synchronously 
throughout  the  plasmodium,  it  is  possible 
to  obtain  a  series  of  developmental  stages 
in  a  single  culture.  Sporangia  at  about 
the  midpoint  in  development  have  uni- 
nucleate or  binucleate  spores,  with  well 
defined  walls,  containing  mitochondria 
and  pigment  granules  but  only  a  few 
vacuoles.  The  nuclei  have  fairly  well  de- 
fined membranes  and  contain  a  variety  of 
granules  of  different  sizes,  shapes,  and 
electron  densities.  Preliminary  observa- 
tions have  shown  a  developing  line  of 
cleavage  vacuoles  prefiguring  formation  of 
the  spore  wall.  Somewhat  later,  the  ir- 
regularly multilamellate  structure  of  this 
wall  is  apparent.  In  the  latest  stages,  the 
spore  wall  is  very  compact.  All  cellular 
contents  are  dense,  but  structures  that  can 
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be   discerned   include   nuclei    (sometimes  exert  their  control  over  the  synthesis  of 

containing     condensed     chromosomelike  proteins  has  been  determined  to  a  large 

bodies),  a  well  defined  elongated  endo-  extent  in  microorganisms;   and  it  seems 

plasmic  reticulum,  mitochondria,  and  food  reasonably  certain  that  sequences  of  nucleo- 

vacuoles  (pi.  5,  D).   The  extensive  array  tides  in  euchromatic  loci  of  higher  organ- 

of  vacuoles  characteristic  of  the  plasmo-  isms   likewise    control    the    sequences    of 

dium  is  missing.    Further  investigations  amino  acids  in  proteins.  Fox's  studies  have 

should  reveal  details  of  great  interest  with  shown    that    the    Y    chromosome    has    a 

respect  not  only  to  the  cellular  changes  maternal  effect  on  protein  structure.   An 

involved  in  spore  formation  but  also  to  antigen,  designated  Y-l,  has  a  complete 

those  concerned  in  the  development  of  the  and  an  incomplete  form;  and  the  presence 

capillitial  threads.  or  absence  of  the  Y  chromosome  in  the 

An  immuno genetic  analysis  of  variega-  oocyte  of  a  female  determines  the  form  of 
tion  in  Drosophila.  Investigations  into  the  the  antigen  in  her  progeny,  although  the 
problem  of  the  genetic  control  of  protein  specificity  of  the  antigen  remains  the  same, 
synthesis  have  been  intensified  in  recent  Fuscaldo  undertook  an  immunological 
years.  Dr.  Fuscaldo's  interest  in  this  prob-  analysis  of  certain  stocks  of  D.  melano- 
lem  has  centered  on  the  unique  contribu-  gaster  in  an  attempt  to  determine  the  effect 
tion  of  the  heterochromatic  portions  of  the  on  protein  specificity  of  chromosomal  re- 
genome  in  determining  protein  specificity  arrangements  involving  a  disturbance  of 
in  higher  organisms,  and  particularly  the  the  euchromatic-heterochromatic  balance 
influence  of  heterochromatin  in  producing  in  the  white  region  of  the  X  chromosome, 
variegated  phenotypes  in  D.  melano gaster.  This  region  encompasses  bands  3C1  and 
Her  research  was  carried  out  in  partial  3C2  of  the  salivary-gland  chromosome 
fulfillment  of  the  requirements  for  the  map;  it  is  a  pseudoallelic  segment  contain- 
Ph.D.  degree  at  Michigan  State  University,  ing  some  21  alleles  distributed  among  4  sep- 
under  the  direction  of  Dr.  Allen  S.  Fox,  arable  although  spatially  related  loci.  The 
but  some  of  the  experimental  work  was  stocks  analyzed  included  two  inversions, 
performed  at  Cold  Spring  Harbor.  In(l)wm4:  and   its   derivative  In(l)wm*w, 

When  the  locus  of  a  mutant  gene  whose  and  the  translocation  T(l:4)wm5,  in  all 
action  produces  a  phenotype  differing  of  which  the  white  locus  had  been  brought 
markedly  from  the  wild  type,  such  as  by  chromosomal  rearrangement  into  prox- 
the  white  locus  in  D.  melano  gaster,  is  imity  with  heterochromatin;  as  well  as  a 
brought  into  the  proximity  of  hetero-  series  of  mutants,  w,  we,  wa2,  and  bw  en 
chromatin,  a  mosaic  pattern  often  results  (a  combination  that  gives  practically  color- 
in  which  patches  of  mutant  cells  are  inter-  less  eyes) ,  none  of  which  involved  gross 
spersed  among  others  of  the  wild  type,  chromosomal  rearrangements.  The  Ore- 
Mosaicism  of  this  type  is  extremely  varia-  gon-R-I  wild-type  stock  was  also  tested, 
ble.  The  mutant  phenotype  is  expressed  The  flies  were  grown  on  the  standard 
in  some  cell  lineages  but  not  in  others,  cornmeal-molasses-agar  medium  at  25  °C. 
depending  to  a  marked  degree  on  environ-  They  were  collected,  frozen,  lyophilized, 
mental  conditions.  A  threshold  effect  seems  and  stored  in  the  deep  freezer  until  used. 
to  operate,  so  that  differentiation  proceeds  Two  per  cent  homogenates  of  whole  flies  in 
irreversibly  in  either  the  normal  or  the  buffered  saline  (0.85  per  cent  NaCl,  buf- 
mutant  direction.  fered  with  0.005  M  phosphate,  pH  7.4) 

Fox  has  suggested  that  heterochromatic  served  as  antigens,  which  were  injected 

regions  are  concerned  with  the  final  stages  into  rabbits  to  induce  antibody  formation, 

of   protein    synthesis,    during   which   the  Similar    homogenates    were    centrifuged, 

tertiary  structure  of  the  protein  is  estab-  and   the  supernatants  were  employed  as 

lished.  The  order  of  events  by  which  genes  antigens  in  the  Ouchterlony  agar-diffusion 
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technique.  Both  the  Ouchterlony  test  and  tion  of  the  white  segment  in  In(l)wm4w 
the  Bjorklund  inhibition  test  were  per-  does  not  affect  the  form  of  the  antigen, 
formed  to  determine  the  antigenic  speci-  Any  heterochromatic  disturbance,  whether 
ficities  present  in  the  various  genotypes,  by  euchromatic-heterochromatic  rearrange- 
In  all  cases,  an  alteration  of  the  relation  ment  within  the  same  chromosome  or  by 
of  the  white  loci  to  heterochromatin  re-  translocation  of  a  euchromatic  region  of 
suited  in  a  change  in  the  form  of  an  one  chromosome  to  a  heterochromatic  por- 
antigen,  designated  H(w)-1.  The  H(w)-1  tion  of  another,  as  in  T(l:4)wm5,  has  the 
component  was  found  to  be  present  in  same  effect  on  the  form  of  the  antigen, 
two  forms,  one  in  the  wild-type  flies  and  Each  euchromatic  locus  seems  to  exist  in 
white  mutants,  and  the  other  in  flies  having  a  specifically  balanced  relation  to  the 
heterochromatic  disturbances  expressed  in  heterochromatic  materials  of  the  genome, 
white-variegated  phenotypes.  Destruction  of  this  balance  results  in  a 
Plate  6,  A,  is  a  representative  photograph  disturbance  of  the  metabolic  activities  of 
of  an  Ouchterlony  plate,  containing  in  the  the  cell,  varying  in  its  effect  according  to 
center  well  antiserum  against  one  of  the  environmental  conditions.  It  appears  that 
inversion  stocks  and  in  the  outer  wells  when  a  threshold  is  exceeded,  in  some  cell 
antigenic  preparations  representing  various  lineages,  the  variegated  phenotype  is  irre- 
genotypes.  In  the  plate  shown,  wells  1,  2,  versibly  expressed. 
3,  and  6  held  material  derived  from  the 

four  «/"*  inversion  stocks  studied;  wells  4  Biochemicd  Studies  of  Anther  Extracts 
and  5  contained  the  antigenic  preparations 

from  two  Ore-R-I  stocks  of  different  Aqueous  extracts.  The  basic  pattern 
origins.  The  antigen-antibody  precipita-  of  organization  of  the  chromosome  as  an 
tion  line  indicated  by  the  arrows  is  dis-  aggregate  of  coiled  chromonemata  has 
placed  toward  wells  4  and  5.  Plate  6,  B,  been  widely  recognized  since  Kaufmann 
shows  the  results  of  the  Bjorklund  inhibi-  first  demonstrated  in  the  early  1920's  that 
tion  test  with  the  same  system.  A  dialyzed,  helically  arranged  paired  strands  exist  at 
concentrated  preparation  of  the  wild-type  all  stages  of  somatic  and  meiotic  mitoses, 
inhibitory  antigen  was  placed  in  the  center  Subsequent  studies,  beginning  with  those 
well  before  initiation  of  the  Ouchterlony  of  Kuwada  and  his  associates,  showed  that 
test,  and  allowed  to  diffuse  into  the  agar,  the  spiral  pattern  can  be  accentuated,  par- 
All  the  lines  that  were  common  to  the  ticularly  in  the  bivalents  of  large  plant 
wild-type  and  inverted  stocks  were  in-  chromosomes,  by  prefixation  treatment  of 
hibited  by  the  technique;  the  only  line  the  cells  with  various  agents  such  as  acids, 
remaining  is  attributable  to  the  H(w)-1  alkalies,  buffers,  and  even  water.  One  of 
component.  The  H(w)-1  antigen  exhibits  the  most  effective  agents  is  phosphate 
a  higher  combining  power  when  obtained  buffer.  When  a  few  years  ago  we  initiated 
from  the  inversion  and  translocation  stocks  studies  of  plant  chromosomes  with  the 
than  when  obtained  from  the  wild-type  electron  microscope,  we  found  that  fixation 
and  mutant  stocks.  The  difference  is  most  with  osmium  tetroxide  dissolved  in  phos- 
probably  associated  with  a  difference  in  phate  buffer  preserved  fine  structure  in  a 
the  configuration  of  the  antigenic  site  and  manner  that  revealed  the  chromosome  as 
a  concomitant  reduction  in  the  number  of  an  aggregate  of  subchromonemata,  the 
combining  sites  per  molecule.  most  delicate  of  which  were  about  125  A  in 
The  antigen  H(w)-1  has  no  direct  as-  diameter  and  appeared  to  represent  an 
sociation  with  eye  color,  per  se.  The  hetero-  intertwined  pair  of  strands  (Year  Book 
chromatic  regions  seem  to  be  directly  55).  When  such  fixation  was  preceded 
responsible  for  the  difference  between  nor-  by  prolonged  prefixation  treatment  in 
mal  and  modified  H(w)-1,  since  an  altera-  phosphate  buffer,  however,  although  the 
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coiling  pattern  visible  with  the  light  micro- 
scope was  accentuated,  the  detail  discerni- 
ble with  the  electron  microscope  was  to 
a  large  extent  masked,  assumedly  because 
of  a  clumping  or  aggregation  of  the  sub- 
chromonemata.  Marked  distortion  of  cy- 
toplasmic components  was  also  detected. 

On  the  basis  of  this  experience  it  seemed 
desirable  to  determine  whether  phosphate 
buffer  and  aqueous  solutions  are  instru- 
mental in  removing  materials  from  plant 
cells,  and,  if  so,  what  the  nature  of  the 
extract  is.  Work  along  these  lines  was 
begun  in  collaboration  with  Dr.  Horace 
Mazzone  while  he  was  in  Cold  Spring 
Harbor  (Year  Book  58),  and  Mazzone  has 
continued  the  analysis  during  the  past 
year  at  the  Department  of  Pharmacology 
of  the  Harvard  Medical  School.  Since  the 
preliminary  tests  had  shown  that  an 
aqueous  extract  of  anther  materials  is 
similar  to  one  obtained  with  phosphate 
buffer,  and  facilitates  characterization  of 
the  removable  materials,  extractions  were 
made  with  distilled  water  for  the  studies 
reported  here.  The  final  stages  of  the 
analysis  have  not  been  completed,  and  so 
the  following  account,  in  conjunction  with 
that  given  in  Year  Book  58,  serves  as  a 
progress  report. 

Extracts  from  the  anthers  of  Trades- 
cantia  paludosa  were  prepared  as  reported 
in  Year  Book  58.  Single  batches  of  ex- 
tract were  frozen  and  stored  at  —  20  °C 
until  310  ml  had  been  collected.  The  frozen 
extracts  were  then  thawed,  and  filtered  to 
remove  the  slight  insoluble  precipitate  that 
had  formed  during  freezing  or  storage, 
or  both.  (The  ultraviolet  absorption  spec- 
trum of  the  filtrate  was  identical  with  that 
observed  in  fresh  extracts.)  The  residue 
was  air-dried  and  re-stored  at  —  20° C  for 
future  investigation.  The  amber  filtrate 
was  analyzed  as  described  below. 

The  pH  of  the  filtrate  was  6.32.  Aliquots 
were  adjusted  to  pH  2.00,  7.03,  and  10.91 
with  either  0.1  N  HCl  or  0.1  N  NaOH, 
and  the  ultraviolet  absorption  spectra  of 
the  solutions  were  determined.   The  data 


are  shown  in  figure  5.  The  curves  are  com- 
plex and  indicate  the  presence  of  both 
polynucleotides  and  polypeptides  in  the 
anther  extracts.  The  maximum-minimum 
ratio  (260-240  mjj)  decreased  with  increas- 
ing pH,  and  at  pH  10.91  had  a  value  of 
almost  1.  The  resulting  shoulder  observed 
at  this  pH  in  the  240-260  m(j  region  of 
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Fig.  5.    Effect  of  pH  on  the  ultraviolet  absorp- 
tion spectrum  of  anther  extract. 

the  curve  disappeared  when  the  solution 
was  again  brought  to  pH  7,  but  reappeared 
when  it  was  readjusted  to  10.8  or  11.18. 
The  effect  of  increasing  pH  on  the  ultra- 
violet absorption  spectrum  of  the  anther 
extract  is  therefore  not  due  to  irreversible 
denaturation  of  the  ultraviolet-absorbing 
material.  It  is  suggestive,  however,  of  the 
presence  of  peptides,  either  uncombined  or 
in  combination  with  nucleotides.  The 
ultraviolet  absorption  curves  of  strongly 
alkaline  solutions  of  tyrosine-containing 
proteins,  for  example,  have  a  shoulder  be- 
tween 265  and  290  mp,  which  is  lacking 
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in  neutral  solutions.   Further  evidence  of  nuclease,  not  only  did  cytoplasm,  nucleolus, 

the  presence  of  polypeptides  is  the  finding  and  chromosomes  lose  their  pyronin  pink 

of   ninhydrin-positive    substances    in    the  stainability  but  chromosomes  also  lost  their 

anther  extracts,  which  also  give  positive  ability  to  color  with  methyl  green.  Feulgen 

biuret  tests,  as  was  reported  in  Year  Book  stainability  of  chromosomes,  however,  was 

58  and  confirmed  this  year.  not  impaired.   This  result  intimated  that 

Dialysis  of  the  filtered  extract  against  hydrolysis  of  chromosomal  RNA  permits 

water  showed  that  most  of  the  ultraviolet-  DNA  to  become  depolymerized  and  lose 

absorbing  material  is  readily  dialyzable;  its  methyl  green  colorability,  and  thus  sug- 

it  must,  therefore,  have  a  molecular  weight  gested  close  association  between  DNA  and 

of  less  than  20,000.   It  should  be  borne  in  RNA  in  the  chromosomes  of  higher  or- 

mind,  however,  that  nothing  is  known  at  ganisms.  Several  questions  concerning  the 

present  about  how  the  insoluble  material  cytochemical  findings  made  it  necessary 

that   was   filtered   from   the   frozen   and  to  acquire  more  rigid  evidence  in  support 

thawed  extract  might  affect  the  molecular  of  this  interpretation, 

weight  of  the  filtrable   substances,   even  Our  first  experiments  were  designed  to 

though  its  removal  is  not  reflected  in  their  discover  whether  maximum  reduction  of 

ultraviolet  absorption  spectra.  stainability  with  methyl  green  occurs  under 

Further  characterization  studies  of  the  the  same  conditions  of  treatment  that  pro- 
remainder  (290  ml)  of  the  extract  are  now  mote  maximum  hydrolytic  activity  of  ribo- 
in  progress.  nuclease.   Because  our  earlier  conclusions 

had  been  based  on  results  obtained  with 

^  ,     ;       .    ,   ~     j.  relatively  high  concentrations  of  ribonucle- 

Lytocnemical  studies  •«.                                        i     1             i    i 

7  ase,  it  was  necessary  to  test  whether  methyl 

A  cytochemical  analysis  of  the  composi-  Sreen  colorability  can  be  eliminated  from 
tion  and  structure  of  chromosomes  of  chromosomes  by  treatment  with  lower  con- 
higher  organisms  was  continued  by  Dr.  centrations  of  ribonuclease  for  longer 
Gay  in  association  with  Miss  Alice  Akey  periods  of  time.  It  was  also  necessary  to 
and  Mr.  William  Perreault,  candidates  for  know  whether  the  reduction  of  methyl 
the  master's  degree  at  Adelphi  College.  Sreen  colorability  occurs  at  the  optimum 
Gay  has  reassessed  an  earlier  finding  (Year  PH  and  temperature  for  ribonuclease  di- 
Book  49)  that  DNA  and  RNA  may  be  gestion.  (The  results  are  summarized  in 
structurally  interrelated  in  chromosomes,  table  ?•)  The  finding  that  reduction  of 
and  with  Akey  has  investigated  the  RNA  methyl  green  colorability  depends  upon 
content  of  heterochromatin.  Gay  and  Per-  concentration  of  enzyme  and  time  of 
reault  have  been  concerned  with  demon-  digestion  and  is  maximum  at  pH  8  and 
strating  that  DNA  is  present  in  the  growth  60 °C  (the  maximum  pH  and  temperature 
stage  of  the  Drosophila  primary  spermato-  for  ribonuclease  hydrolysis)  led  to  the  con- 
ey te;  in  nuclei  of  this  stage,  DNA  is  re-  elusion  that  this  modification  of  stainability 
fractory  to  the  usual  staining  methods,  and  is  a  consequence  of  the  enzymatic  activity 
consequently  its  presence  has  been  ques-  of  ribonuclease. 
tioned.  Although  it  had  thus  been  ascertained 

Chromosomal  nucleic  acid  complex.  In  that  the  staining  reaction  is  concomitant 
Year  Book  49  data  were  presented  which  with  hydrolysis  of  RNA  by  ribonuclease, 
led  to  the  tentative  conclusion  that  chromo-  further  experiments  were  carried  out  to 
somes  may  contain  nucleic  acid  chains  in-  eliminate  the  possibility  that  the  loss  of 
eluding  both  DNA  and  RNA.  When  stainability  by  methyl  green  is  due  to  non- 
onion-root-tip  sections  were  digested  with  specific  adsorption  of  a  basic  protein.  The 
high    concentrations    of   pancreatic    ribo-  proteins    lysozyme,    cytochrome    C,    and 
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TABLE  7.  Experiments  Demonstrating  That  Loss  of  Methyl  Green  Stainability  of  Chromosomes  Is 

Due  to  Hydrolytic  Activity  of  Ribonuclease  * 

Maximum  staining  =  5,  no  stain  =  0. 

A.  Variation  of  concentration  of  ribonuclease  and  time  of  digestion  (pH  6.0,  37°C) 


Cone. 

Enzyme, 

mg/ml 

Stainability 

of  Chromosomes  after  Digestion  for  (hours) 

1 

2 

4 

8 

72             84 

0.1 

5 

5 

5 

5 

5              4 

3               2 

1.0 

5 

4 

3 

0 

0              0 

0               0 

2.0 

5 

3 

0 

0 

0              0 

0               0 

6.0 

4 

0 

0 

0 

0              0 

0               0 

B.  Variation  of 
(6  mg/ml 

pU  of 
,  1  hr, 

ribonuclease 
37°C) 

y 

C.  Variation   of   temperature  of   ribo- 
nuclease digestion  (pH  6.0, 
2  mg/ml,  2  hr) 

pU 
4 

Stainabilit 
5 

Temperature 

Stainability 

5 

4-5 

8 

5 

6 

3 

26 

4-5 

7 

1-2 

37 

3 

8 

0 

60 

0 

No  loss  occurred  when  chromosomes  were   treated  in  water  at  pH  6  and  37 °C  for  84  hours. 


chymotrypsinogen,  similar  to  ribonuclease 
in  molecular  weight  and  isoelectric  point, 
were  found  to  be  completely  ineffective 
in  causing  methyl  green  reduction.  De- 
natured ribonuclease  (although  not  con- 
sidered as  good  a  control  as  the  other  na- 
tive basic  proteins,  because  considerable 
molecular  modification  may  be  caused  by 
denaturation)  was  also  tested  and  found 
ineffective.  In  still  another  test  of  ribo- 
nuclease as  a  nonspecific  basic  protein, 
spots  of  isolated  DNA-histone  (formed  on 
a  microscope  slide,  fixed  and  processed 
according  to  the  usual  cytological  pro- 
cedures) were  treated  with  various  concen- 
trations of  enzyme,  from  0.1  to  6  mg/ml. 
When  stained  with  methyl  green,  none 
of  the  spots  showed  any  alteration  in 
colorability.  It  was  possible  to  conclude 
that  the  effect  of  ribonuclease  in  inhibiting 
the  combination  of  methyl  green  with 
DNA  is  not  due  to  its  nonspecific  action  as 
a  basic  protein. 

It  has  been  suggested  that  the  hydrolytic 
action  of  ribonuclease  on  the  RNA  of  the 
chromosome  may  modify  electrostatic 
forces  in  the  vicinity  of  DNA  so  that  its 
affinity  for  methyl  green  is  reduced  with- 


out its  having  undergone  any  molecular 
alteration  such  as  depolymerization.  The 
idea  was  advanced  that  amino  groups  of 
chromosomal  proteins  or  guanidine  resi- 
dues of  RNA  after  ribonuclease  digestion 
may  compete  with  methyl  green  for  the 
phosphate  groups  of  the  DNA  through 
which  this  basic  dye  stains.  The  Van  Slyke 
reagent  (nitrous  acid  treatment)  and 
acetylation  were  applied  after  a  ribo- 
nuclease treatment  that  had  produced  com- 
plete reduction  of  methyl  green  stainabil- 
ity. Some  methyl  green  colorability  was 
restored  to  the  chromosomes  of  both  con- 
trol and  treated  sections;  but  definite  differ- 
ences between  control  and  ribonuclease- 
treated  chromosomes  existed  even  after 
prolonged  acetylation  or  deamination. 
Thus,  despite  the  modification  produced 
by  hydrolysis  of  RNA  to  form  linkages  be- 
tween the  phosphate  of  the  DNA  and  the 
unmasked  amino  groups  of  proteins  or  nu- 
cleotide residues,  a  considerable  amount  of 
methyl  green  stainability  was  not  restored 
and  apparently  had  been  lost  as  a  conse- 
quence of  ribonuclease  digestion. 

This  series  of  experiments  accordingly 
supports  our  earlier  interpretation  that  re- 
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duction  in  stainability  with  methyl  green 
after  ribonuclease  digestion  implies  the 
existence  of  a  DNA-RNA  complex  in 
chromosomes  of  higher  organisms.  It  is 
apparent  that  a  better  understanding  of 
the  staining  of  DNA  by  methyl  green  is 
needed.  Current  experiments  with  spots 
of  native  and  of  heat-denatured  DNA 
indicate  that  the  methyl  green-pyronin 
dye  combination  may  differentiate  between 
"single"-  and  "double"-stranded  DNA  and 
that  heat  denaturation  of  the  DNA,  as  well 
as  depolymerization  by  hydrolysis,  may  in- 
fluence its  stainability  with  basic  dyes.  Re- 
cent cytochemical  tests  of  chromatographed 
fractions  of  ribonuclease  show  promise  of 
answering  definitively  the  question  of  the 
structural  significance  of  a  DNA-RNA 
complex  in  chromosomes  of  higher  or- 
ganisms. 

RNA  in  heterochromatin.  In  purely  cy- 
tological  terms,  heterochromatin  has  been 
defined  as  a  chromosome  or  chromosomal 
region  exhibiting  a  condensation  cycle,  and 
thus  a  staining  cycle,  different  from  those 
of  the  remaining  chromatic  material  in 
the  nucleus.  In  recent  years,  greater  knowl- 
edge of  chromosome  chemistry  has  forced 
cytologists  to  seek  a  more  specific  definition 
of  heterochromatin  in  cytochemical  terms. 
Since  condensed  heterochromatic  segments 
stain  heavily  with  the  Feulgen  reaction,  it 
has  been  concluded  that  they  contain  high 
concentrations  of  DNA.  When  other  baso- 


philic stains  are  applied,  however,  the  in- 
tense condensation  and  coloration  tend  to 
obscure  staining  reactions  due  to  other 
chromosomal  constituents  such  as  RNA. 
Nevertheless,  digestion  of  fixed  tissues  with 
relatively  low  concentrations  of  ribo- 
nuclease followed  by  staining  with  methyl 
green-pyronin,  which  colors  both  types  of 
nucleic  acid,  has  demonstrated  that  RNA 
is  present  in  heterochromatic  regions  (Year 
Book  47).  An  effort  was  made  this  year 
to  amplify  these  findings  with  results  ob- 
tained by  other  procedures  and  methods, 
namely,  pretreatment  with  pancreatic  de- 
oxyribonuclease  to  eliminate  the  masking 
stain  of  DNA,  and  incorporation  of  tri- 
tiated  RNA  precursors  followed  by  auto- 
radiography. 

Cytologically  well  defined  heterochro- 
matic regions,  such  as  the  sex  chromosome 
of  the  primary  spermatocyte  of  the  grass- 
hopper Melanoplus  femur  rubrum  and  the 
"prochromosomes"  of  the  interphase 
nucleus  of  the  spring-flowering  Scilla 
sibirica,  were  selected  for  study.  Results 
of  the  enzymatic  hydrolysis  experiments 
and  basophilic  staining  procedures  (with 
methyl  green-pyronin  and  Azure  B,  two 
solutions  that  stain  both  DNA  and  RNA) 
are  summarized  in  table  8.  In  untreated 
tissues,  the  "prochromosomes"  of  Scilla 
and  the  sex  chromosome  of  the  grasshopper 
are  colored  differently  from  euchromatic 
regions  by  nucleic  acid  stains.  They  appear 


TABLE   8.    Staining   of   Sections   of  Scilla  Meristematic  Tissue  and  Grasshopper   Spermatocytes 

Digested  by  Nucleases 


Methyl 

.  Green-Pyronin 

Azure  B 

Treatment 

Cytoplasm, 
Nucleolus 

Hetero- 
chromatin 

Eu- 
chromatin 

Cytoplasm, 
Nucleolus 

Hetero- 
chromatin 

Eu- 
chromatin 

Controls: 

H20;  0.003  M  MgS04 

Pink 

Magenta- 
purple 

Blue- 
Green 

Pinkish 
purple 

Blue- 
purple 

Blue- 
green 

Ribonuclease,  0.1   mg/ml 

Colorless 

Green 

Green 

Colorless 

Blue- 

Blue- 

Deoxyribonuclease, 
0.1  mg/ml 

Deoxyribonuclease  and 
ribonuclease 

Pink 
Colorless 

Pink 
Colorless 

Light 
pink 

Colorless 

Pinkish 
purple 

Colorless 

purple 

Pinkish 
purple 

Colorless 

green 

Lt.  pink- 
purple 

Colorless 
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more    pink   with   both    dye   solutions,    a  mosomes   become   diffuse   and  elongated 

staining  reaction  that  suggests  the  presence  during  primary-spermatocyte  growth.    As 

of    RNA.     After    ribonuclease    digestion  a  result  of  these  simultaneous  events,  the 

alone,  the  heterochromatic  regions  show  Feulgen  reaction  produces  a  negative  or 

a  reduction  in  the  pink  color  when  stained  at   best    a    barely    perceptible   coloration, 

with  methyl  green-pyronin,  but  little  or  interpreted  by  earlier  workers  as  indicat- 

no  change  in  reaction  to  the  metachromatic  ing  either   an  extreme   diminution  or  a 

dye    Azure    B.    After    deoxy ribonuclease  complete  loss  of  staining  material  within 

treatment,  however,  a  pink  color  remains  the  nuclei. 

in  the  heterochromatic  regions  whichever  In  view  of  the  modern  concepts  of 
the  stain.  This  residual  color  is  completely  Feulgen-DNA  specificity  and  DNA  con- 
removed  when  the  deoxyribonuclease-hy-  stancy,  an  attempt  was  made  to  determine 
drolyzed  tissue  is  treated  with  ribonuclease.  the  Feulgen  dye  uptake  and  DNA  content 
These  findings  show  that  RNA  is  present  of  the  primary-spermatocyte  nuclei.  D. 
in  heterochromatin.  They  also  suggest  that  melanogaster  larvae  were  grown  on  food 
there  may  be  two  RNA  components  in  containing  tritiated  thymidine,  from  the 
the  heterochromatic  regions:  one  which  time  of  hatching  until  third  instar,  at 
is  labile  and  easily  digested;  and  a  second,  which  stage  the  testes  were  excised  and 
more  resistant,  which  may  be  complexed  fixed.  Paraffin  sections  stained  by  the 
with  DNA  since  it  requires  pretreatment  Feulgen  reaction  were  covered  with  strip- 
with  deoxyribonuclease  to  render  it  easily  ping  film  for  autoradiography.  Examina- 
hydrolyzable  by   ribonuclease.  tion  of  autoradiographs  revealed  well  de- 

Autoradiography  of  tissues  into  which  fined  aggregates  of  silver  grains  within 
RNA  precursors  had  been  incorporated  the  region  of  primary-spermatocyte  nuclei, 
also  demonstrated  RNA  in  heterochrony-  Moreover,  the  location  of  the  silver-grain 
tin.  To  incorporate  tritiated  cytidine  and  aggregates  corresponded  nicely  to  the  posi- 
uridine  into  the  nucleic  acids  of  the  tion  of  the  faintly  stained  chromosomes 
meristematic  cells,  growing  roots  of  Scilla  seen  in  Feulgen  preparations.  From  this 
were  immersed  in  solutions  of  these  iso-  evidence  it  is  clear  that  the  primary- 
topes  for  8  hours.  Fixed  tissue  sections  spermatocyte  nuclei  do  contain  DNA  in 
were  treated  with  deoxyribonuclease  (to  discrete  bodies  during  their  entire  growth 
eliminate  any  label  that  might  have  been  period. 

built   into   DNA),    and    autoradiographs         The  question  of  the  Feulgen  stainability 

were  made.  It  was  found  that  the  hetero-  of  primary-spermatocyte  nuclei   was  also 

chromatic  "prochromosomes"  of  the  inter-  investigated    by    means    of    visible-light 

phase  nuclei  were  covered  with  a  heavy  microphotometry,    as    described    in    Year 

concentration  of  silver  grains,  indicating  Book   59.    Diminutive   but   characteristic 

the  presence  of  RNA.  Feulgen  dye  absorption  curves  were  ob- 

Experiments    combining    nuclease    hy-  tained  from  numerous  primary-spermato- 

drolysis  with  staining  or  autoradiography  cyte  nuclei  (see  Rg.  6) .  The  extremely  low 

have  thus  corroborated  and  amplified  the  dye  content  of  these  nuclei  made  it  impos- 

earlier   indications   that  RNA  is  present  sible  to  record  such  curves  from  all  nuclei 

in  heterochromatin.  measured,  even  though  the  nuclei  appeared 

DNA  of  Drosophila  primary-spermato-  to  contain  very  faintly  stained  chromo- 
cyte  growth  stage.  Light-microscope  study  somes.  Similarly,  application  of  the  two- 
of  sections  of  D.  melanogaster  larval  testes  wavelength  method  of  quantitative  micro- 
indicates  that  the  transition  from  sperma-  photometry  resulted  in  inconclusive  data 
togonium  to  spermatocyte  is  accompanied  because  of  the  abnormally  low  extinctions 
by  an  average  change  in  nuclear  volume  yielded  by  the  primary-spermatocyte 
from  about  14  to  200  u3.  Furthermore,  the  nuclei.  The  approximate  amount  of  dye 
relatively  condensed  spermatogonia!  chro-  within  these  nuclei  was  determined,  how- 
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Fig.  6.  Feulgen  dye  absorption  curves  of  sper- 
matogonia! and  spermatocyte  nuclei  of  Drosoph- 
ila melanogaster  larval  testes.  Each  point  on 
the  spermatogonial  curve  represents  the  mean 
extinction  of  nine  different  nuclei.  Each  point 
on  the  spermatocyte  curve  represents  the  mean 
extinction  (eleven  measurements)  of  five  differ- 
ent nuclei. 


ever,  from  single-wavelength  measure- 
ments at  570  mu,  taking  into  account  the 
great  volume  difference,  and  was  shown  to 
be  in  good  agreement  with  similar  meas- 
urements of  spermatogonial  metaphase 
chromosomes.  With  an  average  extinction 
value  of  0.125  for  spermatogonia  and  0.046 
for  spermatocytes,  the  arbitrary  DNA 
amounts  were  9.8  and  14.4,  respectively. 
Owing  to  the  unhomogeneous  nature  of 
the  absorbing  material,  both  calculated 
amounts  are  lower  than  the  actual  values, 
but  may  be  considered  to  be  in  the  same 
DNA  class  (4C,  diploid).  Objective  evi- 
dence of  the  presence  of  Feulgen  dye 
within  primary-spermatocyte  nuclei  has 
thus  been  obtained,  and  there  appears  to 
be  no  significant  loss  of  Feulgen  staina- 
bility  during  the  primary-spermatocyte 
growth  stage. 
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Autograph  of  tritiated   thymine-labeled  DNA    from  phage  T2.    Scale  marker,   100  u. 
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Electrophorograms  of  salmon-testis  deoxyribonuclease.  In  photographs,  tips  of  arrows  indicate 
points  of  origin.  A.  Photograph  of  bromphenol  blue-stained,  paper  electrophoretic  run  of  0.25  mg 
of  fraction  N  (table  1 ).  At  least  four  proteins,  indicated  as  a,  b,  c,  d ,  are  apparent.  Paper,  Whatman 
no.  1;  buffer,  0.075  M  veronal,  pH  8.6;  time,  21  hours;  temperature,  4°C;  current,  100  v,  1  to  2  ma. 
B.  Plot  of  5-ml  fractions  from  descending  electrophoresis  of  34  mg  of  fraction  N  in  a  0  to  50  per  cent 
sucrose  gradient.  Four  components  are  again  apparent.  Buffer,  0.03  M  borate,  pH  8.5;  time,  20.5 
hours;  temperature,  3°C;  current,  600  to  625  v,  12  to  14  ma.  C.  Photograph  of  bromphenol  blue- 
stained,  paper  electrophoretic  run  of  0.1  mg  of  protein  from  tubes  16  through  20  (pi.  2,  B).  Only 
one  component  is  evident.  Paper,  Whatman  no.  1  ;  buffer,  0.075  M  veronal,  pH  8.6;  time,  21  hours; 
temperature,  4°C;  current,  110  v,  1  to  2  ma. 


Plate  3 
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Electron  micrographs  of  Tradescantia  pollen  grains  (A  and  B)  and  stigma  cells  (C  and  D) 
fixed  in  potassium  permanganate.  A.  Immediately  after  the  pollen-grain  mitosis.  Arrow  indicates 
wall  between  vegetative  and  generative  cells.  B.  Crescent-shaped-generative-nucleus  stage.  Large 
arrow  points  to  cell  wall.  C.  Stigma  cell  of  stage  1.  Arrow  points  to  particle  in  dense  bodies. 
D.  Stigma  cell,  stage  3.  Note  particles  at  arrow.  Abbreviations:  n,  nucleus;  vn,  vegetative 
nucleus;  gn,  generative  nucleus;  e,  endoplasmic  reticulum;  d,  dense  body;  pr,  proplastid;  v ,  vacuole; 
g,  Golgi  body;  m,  mitochondrion.    The  solid-line  marker  on  each  figure  represents   1    u. 
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Electron  micrographs  of  Trade  scantia  stigma  cells  fixed  in  potassium  permanganate.  A.  Cyto- 
plasm at  apex  of  cell  at  stage  4.  Large  arrow  indicates  particles  in  the  vacuole.  B.  Apical  portion 
of  cell  at  stage  6.  Arrows  point  to  membranes  between  fusing  dense  bodies.  C.  Montage  of  two 
electron  micrographs,  showing  apical  portion  of  large  cell  at  stage  7.  D.  "Swollen"  portions  of 
endoplasmic  reticulum,  whose  contents  are  similar  to  dense  bodies.  Arrow  indicates  single  mem- 
brane continuous  with  endoplasmic  reticulum.  E.  Small  dense  bodies  enclosed  in  a  single  membrane. 
Large  arrow  indicates   a  connection   to  the  endoplasmic    reticulum.     Abbreviations:     see    plate    3. 


Plate  5 
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Electron  micrographs  of  Physarum  polycephahtm  plasmodium  (A-C)  and  sporangium  (D) 
fixed  in  1  per  cent  buffered  osmium  tetroxide.  A.  Survey  view  of  plasmodial  mass,  with  mar- 
gin at  top  and  direction  of  protoplasmic  streaming  indicated  by  large  arrow.  B.  Enlargement  of 
cytoplasmic  region.    Large  arrows  point  to  in  turned   membranes   that  may   delimit   food   vacuole. 

C.  Enlargement   of   mitochondria.     Large   arrows    point   to    dense    particles    in    lumen    of    tubules. 

D.  Spores  of  sporangium.  Abbreviations:  n,  nucleus;  v,  vacuole;  p,  pigment  granule;  m,  mito- 
chondrion; e,  endoplasmic  reticulum;  r,  ribosome.  The  solid-line  marker  on  each  figure  repre- 
sent 1  [i. 
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A.  Representative  photograph  of  an  Ouchter- 
lony  agar-diffusion   test,  indicating  the  presence 
of  a   specific   component    H(w)-1    (arrows)    at- 
tributable to  influence  of  heterochromatin  on  the 
white  locus  in  Drosophila  melanogaster. 
Antiserum  well:    Jn(l)wmAw 
Well   1:    ln(l)wmA 
Well  2:    In(l)wm*w 
Well  3:    In(l)wm4w;  Ysu-V 
Well  4:    Oregon   R-I 
Well  5:    Oregon   R-I 
Well  6:    ln(l)wmA;  Dj(Y)Yhl)- 


B.  Representative  photograph   of  a  Bjorklund 
inhibition    test,    which   removes   all    components 
common  to  the  wild-type  and  rearranged  stocks. 
The  H(w)-1  line  remains. 
Antiserum:    In(l)u>"l4w 
Inhibition:    Oregon  R-I   (5  doses) 
Well   1:    In(l)wm4 
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REPORT  OF  THE  EXECUTIVE  COMMITTEE 
To  the  Trustees  of  the  Carnegie  Institution  of  Washington: 

Gentlemen:  In  accordance  with  the  provisions  of  the  By-Laws,  the  Executive  Committee 
submits  this  report  to  the  annual  meeting  of  the  Board  of  Trustees. 

During  the  fiscal  year  ending  June  30,  1961,  the  Executive  Committee  held  four  meetings. 
Printed  accounts  of  these  meetings  have  been  or  will  be  mailed  to  each  Trustee. 

The  estimate  of  expenditures  for  the  fiscal  year  beginning  July  1,  1961,  has  been  reviewed 
by  the  Executive  Committee. 

The  terms  of  office  of  the  Chairman,  Vice-Chairman,  and  Secretary  of  the  Board  of 
Trustees  expire  at  the  annual  meeting  of  the  Board  of  Trustees  on  May  12,  1961.  The 
terms  of  office  of  the  Chairmen  of  all  Committees  of  the  Board  likewise  expire  on  May  12, 
1961,  and  the  terms  of  the  following  members  of  Committees: 

Executive  Committee  Finance  Committee  Auditing  Committee 

Henry  S.  Morgan  Walter  S.  Gifford  Keith  S.  McHugh 

Garrison  Norton  Alfred  L.  Loomis  Alfred  L.  Loomis 

Henry  R.  Shepley  Henry  S.  Morgan  Juan  T.  Trippe 

Retirement  Committee  Nominating  Committee 

Barklie  McKee  Henry  Robert  Woods  Bliss 

BARKLIE  McKEE  HENRY,  Chairman 
May  12, 1961 
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ACCOUNTANTS'  REPORT 


Lybrand,  Ross  Bros,  a,  Montgomery 


To  the  Auditing  Committee  of  Carnegie  Institution  of  Washington: 

We  have  examined  the  statement  of  assets,  liabilities  and  fund  balances 
of  Carnegie  Institution  of  Washington  as  of  June  30,  1961,  and  the  related  sum- 
mary statement  of  changes  in  funds  for  the  year  then  ended  and  the  supporting 
exhibits  and  schedules,  which  have  been  prepared  on  the  general  basis  of  cash 
receipts  and  disbursements  and  accordingly  do  not  reflect  accrued  income, 
accounts  payable  nor  provision  for  depreciation.    Our  examination  was  made 
in  accordance  with  generally  accepted  auditing  standards,  and  accordingly 
included  confirmation  from  the  custodian  of  securities  owned  at  June  30,  1961, 
and  such  tests  of  the  accounting  records  and  such  other  auditing  procedures 
as  we  considered  necessary  in  the  circumstances. 

In  our  opinion,  the  accompanying  financial  statements  and  supporting 
exhibits  and  schedules  present  fairly  the  assets,  liabilities  and  fund  balances 
of  Carnegie  Institution  of  Washington  at  June  30,  1961,  and  the  changes  in 
funds  for  the  year  then  ended  on  a  basis  consistent  with  that  of  the  preceding 
year. 

LYBRAND,  ROSS  BROS.  &  MONTGOMERY 


Baltimore,  Maryland 
August  10,  1961 
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STATEMENT  A  ASSETS,    LIABILITIES,    AND    FUND    BALANCES 

JUNE  30,  1961    AND    1960 

JUNE  30 

1961 

ASSETS 

Operating  Funds: 

Cash  $477,300.80 

Advances  28,920.45 

Securities  -  Schedule  2  (See  Note)  442,501.55 

Prepaid  insurance  51 ,858. 57 

$1,000,581.37 

Restricted  Grants: 

Cash  $409,578.63 

Endowment,  General  Reserve,  and  Special  Funds: 

Cash  awaiting  investment  $318,121.47 

Advances  -  Building  program  266,171.11 

Securities  -  Schedule  2  (See  Note) 63,036,527.74 

$63,620,820.32 

Buildings,  Land,  and  Equipment  (At  Cost) $5,807,296.03 

Total  Assets  $70,838,276.35 

LIABILITIES   AND    FUNDS 

Operating  Funds: 

Income  taxes,  etc.,  withheld  $286.30 

Operating  Funds  Balance  -  Exhibit  1  1,000,295.07 

$1,000,581.37 

Restricted  Grants  -  Exhibit  2 409,578.63 

Endowment,  General  Reserve,  and  Special  Funds  -  Exhibit  3  63,620,820.32 

Buildings,  Land,  and  Equipment  Fund  -  Exhibit  4  5,807,296.03 

Total  Liabilities  and  Funds   $70,838,276.35 

Note:    Approximate  market  value  of  all  securities  at  June  30,  1961  -  $90,166,022 


1960 


$584,785.75 

24,028.43 

178,162.63 

21,191.26 

$808,168.07 


$365,873.87 


$683,340.98 

16,463.57 

61,111,877.43 

$61,811,681.98 

$5,723,784.11 

$68,709,508.03 


$4,105.84 
804,062.23 

$808,168.07 

365,873.87 

61,811,681.98 

5,723,784.11 

$68,709,508.03 
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STATEMENT  B 


SUMMARY  STATEMENT  OF  CHANGES  EN  FUNDS 
FOR  THE  YEAR  ENDED  JUNE  30,  1961 


Operating 

Funds 

(Exhibit  1) 

$804,062.23 

Additions: 

$9,455.32 
8,341.19 

Realized  capital  gain  (net)  . 

Restricted  grants 

6,239.12 

7,691.18 

Other  income,  gifts  and 

4,100.90 

Expenditures  capitalized: 

By  transfer: 

Budget  appropriation  - 

July  1,  1960  to 

June  30,  1961 

2,699,281.00 

Harkavy  Fund  -  Income. 

1,000.00 

Special  Purpose  Funds  .. 

8,300.00 

Teeple  Fund 

1,500.00 

Harry  Oscar  Wood  Fund 

19,757.12 

Endowment,  Buildings, 

Restricted       General  Reserve,         Land,  and 

Grants  and  Special  Funds         Equipment 

(Exhibit  2)  (Exhibit  3)  (Exhibit  4) 

$365,873.87         $61,811,681.98  $5,723,784.11 


$243,686.00 


$2,892,416.36 
2,607,087.43 


14,612.54 


(2,699,281.00) 
(1,000.00) 
(8,300.00) 
(1,500.00) 

(19,757.12) 


$89,017.11 
632.10 


Total 
$68,705,402.19 


!2,901,871.68 

2,615,428.62 

243,686.00 

6,239.12 

7,691.18 

18,713.44 

89,017.11 
632.10 


$2,765,665.83        $243,686.00  $2,784,278.21 


),649.21        $5,883,279.25 


Deductions: 

Expenditures  $2,569,432.99        $199,981.24  $975,139.87  $3,744,554.10 

Disposition  of  equipment $6,137.29  6,137.29 


$2,569,432.99        $199,981.24  $975,139.87  $6,137.29  $3,750,691.39 


Net  change  during  the  year  ....        $196,232.84  $43,704.76  $1,809,138.34  $83,511.92  $2,132,587.86 


Balance  June  30,  1961 $1,000,295.07        $409,578.63         $63,620,820.32         $5,807,296.03        $70,837,990.05 
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EXHIBIT  1  CHANGES   IN   OPERATING    FUNDS    FOR 

THE   YEAR   ENDED   JUNE  30,   1961 

Balance  July  1,  1960 $804,062.23 

Additions  -  Statement  B: 

Distributions: 

Investment  income $9,455.32 

Realized  capital  gains,  net  8,341.19 

Dormitory 6,239.12 

Sales  of  publications  7,691.18 

Other  income 4,100.90 

Transfers: 

General  Reserve  Fund  -  Budget  Appropriations  July  1,  1960 

to  June  30,  1961 2,699,281.00 

Harkavy  Fund  -  Income 1,000.00 

Special  Purpose  Fund 8,300.00 

Teeple  Fund  1,500.00 

Harry  Oscar  Wood  Fund  -  Income  19,757.12                         2,765,665.83 


Total  available  for  expenditure  $3,569,728.06 

Expenditures: 

Salaries $1,426,923.33 

Equipment 84,207.66 

Laboratory   175,640.27 

Buildings  -  fuel,  lights,  etc 102,409.89 

Shop  9,376.70 

Travel  74,941.62 

Dormitory  10,151.49 

Operating 108,180.85 

Financial  Administration  -  investment  and  custody  fees  61,199.11 

Insurance  Premiums 22,456.29 

General  Publications 35,369.87 

Other  publication  expense    24, 715. 35 

Fellowships  95,833.45 

Retirement  Plan  Contributions  194,527.22 

Pensions  75,969.01 

Hospitalization  Plan  and  Collective  Insurance  38,957.57 

Social  security  taxes 28,573.31 

Total  expenditures  2,569,432.99 


Balance  June  30,  1961  $1,000,295.07 
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EXHIBIT  2 


CHANGES  IN   RESTRICTED  GRANTS   FOR 
THE   YEAR   ENDED  JUNE  30,  1961 


Expenditures 


Balance 
July  1,  1960 


Departmental  Research  Operations: 

Department  of  Genetics: 

American  Cancer  Society  E-55  

American  Cancer  Society  E-10  

U.S. Public  Health  Service  RG  149 

U.S. Public  Health  Service  2158  

U.S. Public  Health  Service  GF  5750.... 
U.S. Public  Health  Service  EF  8879.... 
U.S. Public  Health  Service  FFE-180... 
U.  S.  Public  Health  Service  GF-12095 .. 

Geophysical  Laboratory: 

National  Science  Foundation  A- 17491  ... 

Department  of  Terrestrial  Magnetism: 
National  Science  Foundation  Y/3. 16/169 
National  Science  Foundation  Y/2. 34/291 

National  Science  Foundation  5410 

National  Science  Foundation  Y/23. 1/321 

National  Science  Foundation  7326 

National  Science  Foundation  9770 

National  Science  Foundation  13396 

National  Science  Foundation  14593 

Department  of  Embryology: 

American  Cancer  Society  PF  40 

U.  S.  Public  Health  Service  CF-9529  .. 

Mount  Wilson  Observatory: 

Anonymous 


Research  Projects,  Fellowships,  etc.: 

Carnegie  Corporation  of  New  York: 
Natural  Sciences: 

Fellowships 135,000.00 

Terrestrial  Magnetism: 

Telescope  Image  Converter  4,433.14 

Total $365,873.87 


Grants 
Received 


Salary 


Other 


Balance 
June  30,  1961 


$2,556.74 

$650.00 

1,000.00 

11,013.59 

9,258.38 

$1,906.74 

1,000.00 

3,379.59 

4,244.46 

471.91 

$8,907.00 
20,000.00 

387.30 
6,267.95 

471.91 

100.00 
9,279.00 

500.00 

4,421.32 

4,431.15 
7,244.79 
39,100.07 
28,637.65 
402.93 
21,521.01 
22,759.82 
21,633.59 

91.70 
160.50 

$885.70 
8,718.13 

100.00 

9,279.00 
500.00 

7,500.00 

3,078.68 

4,600.12 

168.97 

180.85 

1,217.02 

7,425.64 

67,998.41 

27,681.32 
62,602.90 

61,240.55 

30,000.00 

50,000.00 
41,000.00 
23,500.00 

402.93 

65,928.68 

94,407.67 

18,240.18 

1,866.41 

91.70 

500.00 
2,500.00 

339.50 

7,000.00 

9,500.00 

50,000.00 


7,175.00         177,825.00 
4,433.14 


$243,686.00      $23,488.81      $176,492.43       $409,578.63 


505 


8* 

is 

2  2 


CM 

o 

t~ 

O    CM 

^    O    Tl*    W    U3 

CO    E-    t»    CD    in 

CM 

as 

T 

cm 

lO 

o  en 

«5   q  >   N   00 

cm  co  tj<  eo  i-j 

M- 

ir 

os 

© 

© 

©    OS 

H    N    o'    M    r! 

t-  oo  *<»*  oo  co 

CD* 

co* 

— < 

00 

09 

oo  in 

c-   en   C»   00   t» 

Mffl    ^O    t- 

eo 

CM 

<* 

IP 

T 

^  o 

f   Ifl   t"    CO    "* 

o)  t>  oo  o  n 

en 

co 

T-i 

»H 

»H 

00    00 

O   t-    C-   CD    CN 

o  <)i  t  h  m 

•H 

in 

in 

w 

OS 

TH      ^H 

CM    CD 

oo  -h        eo 

tft 

CM 

BO 

°*. 

c- 

00    CO 

*4 

<"»< 

of 

V 

i-T 

of 

00^ 

©" 


CO 


•o   to 

c    cu 

w 


oa 


o 
o 

CO 


o> 


03 

8 


r-  o 
co  o 
co  w 


o 

© 

© 

© 

© 

© 

©" 

«-t 

o* 

00 

CO 

eo 

■<* 

CM 

** 

00 

en 

oo* 

■*»> 

en 

rr 

00 

CO 

CO 

•  eg 


„  O 


iS 


■a  3 

OS   a 


c 

o 

0) 

S 

S 

«j 

c 

CO 

u 

'0J 
> 

3 

5 

o 


OS 
OS 
»-( 

cm* 

»-^      CN 

cm" 

^3- 


© 

in  co 
c-  CO 

C0 

in 

in 

cq 

CO 

o 

cm 

CO 

CM 

CO 
CO 

co 

co 

CO  cm 

en  co 
en  esj 

co" 

— i 
IO 

cm 

cm 

os 

eo 
en 
co 

CO 

'£> 
CM 

m 

in 

CO 

in 

CO 
CM 

CO 

co 
CO 

eo" 

©' 

co 

co 
©^ 

o 

CO 

d 

t- 

00 

en 


«N 


o 

CO 

r-i 

CO 

l~ 

CO* 

en 

1-1 

CO 

^r 

in 

OJ 

T-l 

en 

CO 

cm* 

© 

1  . 


CM 

en 

in 

rH 

»-* 

CM 

■CM 

CvJ 

<o 

"* 

CM 

in 

in 

"Cf 

co 

o 

o 

t* 

en 

to 


■V 

■H 

CO 

CO 

»-l 

00 

in 

ri* 

■V 

in 

•V 

OS 

**! 

co 

T-l 

IO 

in 

o 

Tt! 

•* 

os 

© 

os 

CO 

co' 

in 

CO 

»-l 

t-" 

«CJ* 

tp 

o> 

oi 

OS 

CO* 

as 

o 

OS 

CM 

CO 

OS 

ir 

co 

tH 

CO 

© 

co 

CM 

eg 

m 

CM 

CO 

OS 

CO 

CM 

t- 

CO 

t- 

OS 

»H 

as 

o 

6- 

co 

CM 

OS 

m 

in 

(-( 

«M 

^r 

«M 

I-* 

CO 

■-* 

«H 

co 

eo 

co 

iH    CM 

co  co 

as  as 


*••  >h  as  en  q. 
o,  -J   q>   ej  3 


2  5 

4 


a  a 

o   <u 


a 

i 

w" 

fe  Pm 

a 

4) 

^r 

bfi 

J9  J 

-n 

o 

a    cct 

m  o  o  a  a  a 


s  §  1 1 1 1 


.cs  ij  r*s  a  >. 

co  h  >  >  a      a 


506 


a 
ex 

§- 

w 


eo 

0) 

£? 

a 
u 

•-3 

a 

«H 

_) 

O 

c 

0 

-M 

rt 

0 

3 

&  "O 

5 

g  •o 

3  c 

CM  r-l 


O 


s 


8- 

as" 

rj    CO 

a  s 


•^ 

** 

eo 

co 

00 

»1< 

•^< 

eg 

iH 

CM 

10 

t- 

**       * 


w 


c 

■s 

Q 


co 
a> 
u 

I? 

& 

W 


o  o 
00  cm 


00 


1:- 


1 


o  t- 

©~  eg" 

eo  co 

»H  CM 

«f  r-T 


a>    c4 

£1* 


p     3 

o 
H 


.3  » 

fi  8&-8I 


3 

o 


507 


.2 


o        8   i   »  £   a 

3       ™  s  3  "2  ° 

as     j  s  a  |o 


cn  eo 

t-  rt<  O 

CM 

^j* 

o> 

i-H 

eg 

CM 

"tf 

© 

t-  TH 

O  IA 

to  n  n 

■*. 

o» 

i-H 

CM 

c~ 

eo 

<o 

© 

"*!  *°. 

OS  *l" 

C-*  ■*«  1-4 

co" 

1-1 

in 

o 

■<j" 

CM* 

co' 

© 

d  d 

oo  ^< 

*  ^  o 

co 

■*t< 

in 

eg 

co 

1-1 

en 

o 

cn  cn 

ia  *j< 

t-  i-i  kj< 

c- 

t»« 

IA 

CM 

IA 

IA 

co 

© 

CO  t- 

CO  CJ» 

co  co  o> 

os 

■*» 

CO 

to 

CO 

o> 

CO 

IA 

co  ^ 

«e- 

iH  i-t 

CO 

TJ< 

co 

i-< 

to 

co 

i-l 

^  co 

CO 

1-4 

t- 

1-1 

cn 

o 

CO 

co 

IA 

co 

CM 

en 

■* 

00 

CM 

t- 

CM 

o 

co 

I-H 

o 

co 

CO 

o 

VJ- 

1-1 

Cm 
3 


CO  o 

o  en 

co  co 

•* 

© 

00 

en  o 

1*% 

I"  **   •  .1-1 
*  e  b  5 

to  _r  *»  i; . 

en  © 

IA  IA 

O  CM 

■A  ©" 

CO  CD 

co*  in* 

IA 
CO 

CM 

IA  "«*« 

co*  r- 

t-  «<J* 

en  ia 

c-  en 

co 

t- 

CM  o 

en  tj< 

E-  CO 

CO  IA 

O 

CO 

oo 

IA  00 

CO  ■*« 

en  o 

CM  IA 

t- 

IA 

CM 

CO  CO 

Tran 
toG 
Con 

«y»  cm 

CM 

CM 

OO 

CM 

CM 

i-< 


O 

~       .2 


w  •— 


u 

3 

c 

& 

w 


CO  CM 

IA 

in 

r- 

en 

in 

O  00 

CO 

tO 

oo 

en 

CO 

IA  t- 

CO 

t- 

co 

en 

CO 

CO  CO 

O 

00 

en 

co 

CM 

co  in 

to 

o 

en 

IA 

t- 

m  oo 

co 

00 

CO 

c- 

o 

O  CO 

m 

o 

CM 

o 

i-l  «-H 

CO 

CO 

■* 

CM 

«»■ 

CM 


31 

u 

9 


i-l  IA  CM  0>  CD 

t-  CM 

CM 

i-l  CM  t- 

in  cm 

C-  CM 

C-  iH 

CO 

© 

CO 

»H  CO  O  CO  ■* 

©  '"J' 

CO 

m  c-;  ^ 

"*!  *°. 

"*.  "*l 

IA  CO 

CO 

CM 

o 

O  C-  CO*  CO*  IA 

CO*  iH* 

© 

en  -m"  ia 

c^  ■** 

en*  co 

t-  CO 

d 

t^ 

00* 

©  IA  IA  CM  Tf 

CO  CO 

oo 

1-1  oo  t- 

t»»  co 

en  co 

IA  C- 

s 

00 

CM 

CM  t}<  CO  O  £- 

cm  r- 

c- 

O  IA  O 

»A  CO 

co  c- 

O  IA 

CO 

t- 

CO  CM  CM  Tf>  CO 

o  en 

00 

■*•<   co  en 

O  CO 

00  o 

CO  00 

co 

co 

cn 

i-l  O  i-l  00  **« 

CM  IA 

co 

CO  i-<  O 

co  co 

^»  i-l 

CO  CM 

oo 

co 

co 

H  N     CO  CO 

IA  CM 

CO 

^  H  H 

CM  CM 

CM 

eo 

1-1 

IA 

V9- 

1-1 

eo" 

co" 

co 

IA 

CM 

CO 

•* 

CT> 

CO 

CO 

cn 

CO 

CO 

CO 

IA 

en 

co 

V5- 

■«*< 

in 
co 

o  o 

IA 

CM  CO 
CM  O 

o  o 

C- 

o  o 

CM 

CM  t- 

00  o 

CM 

^r  o> 

i-<  en 

IA 

IA  ^< 

i-<  cn 

o> 

cn  tj« 

E-  CM 

•»»* 

co  r- 

O    CO 

rH  eo 
O  >* 

co"  d 


~    co 


eo 

oo" 


bX)    i 

lis 

■B  2.2 

§§rt 


IA 


2  u 

°«   e 
<    O 


^*d5 

PQ 


73  "8    . 

8  -S  o 

►o 


o  o  o  o  o 

o  o 

o 

o  o  o 

o  o 

O  O 

o  o 

o 

o 

o  o  p  o  o 

p  p 

p 

pop 

p  o 

o  p 

p  p 

p   : 

o 

d  d  d  d  d 

d  th 

1-4 

odd 

d  d 

d  d 

d  d 

iH 

1-1 

o  o  o  o  o 

O  00 

00 

o  o  o 

IA  O 

§8 

o  o 

oo   : 

oo 

lA  i*  CM  IA  CO 

t-  IA 

■* 

CD  IA  O 

C-  IA 

cm   : 

CM 

CM  CM  tH  O  Oi 

^*  IA 

CO 

tj<  r-  o 

O  O 

ia  cn 

C-  00 

cn   : 

cn 

o  cn   i-i  cm 

i-l  CM 

c- 

eo  *h  eo 

CM  i-H 

iH  CM 

CO  CM 

cn   : 

cn 

H  i-l      CO  CO 
4» 

rf  CM 

IA 

i-l 

>«*  CO 

CM 

cd   : 
cm"   : 

CD 

cm" 

J   §*  Q   >,  to 


0) 


;  "3  h 


eo 

o 

o 

r- 

•^» 

c- 

CM 

r- 

05 

cn 

o> 

c- 

o 

TT 

co 

o 

to 

to 

cn 

eo 

o 

i-i 

f~ 

i-i 

in 

■^ 

m 

co 

i—i 

o 

CD 

to 

CM 

co 

CM 

CO 

in 

^ 

t- 

■"*< 

rr 

■<r 

w- 

co 

1^ 

CO 

CO 

co  co  cn 

IA  CM 

t-  iH 

CO 

o 

co 

c- 

CO  £*  CM 

CO  to 

•^  1-1 

o 

CM 

CM 

1-1 

n  h  ^i 

t»  i* 

cn  cm 

IA 

c- 

CM 

"f 

CM  CO  CO 

co  co 

eo  eo 

CM 

CO 

to 

co 

00  IA  CO 

CM  CO 

co  co 

t- 

co 

o 

CO 

CO  O  i-l 

oo  to 

O  iH 

00 

IA 

s 

o 

t-  t- 

iH  CM 

co  ■* 

CO 

co 

i-H 

T-l 

iH 

IA 

CM 

oo 

o 


508 


1 5 

8  g 


H  t-  CO  W  W  O  N 

co  Tf  esi  co  co  in  c- 

O  O  E-  to  O  r-t  -F-H 

Tjt  CO  i-l  lO  CO  CO  »H 

tH  i-H  OS  •**"  T-l  CM 


o 
in 

tO- 


rH    CM 

CO     H 

to-  <" 


c- 

co 

CM 

co 

O 

»h 

CO 

t- 

os 

co 

CO 

tH 

OS 

o 

CO 

OS 

r-t 

CM 

to- 

to- 

K 

< 

U4 

>H 

W 

B 

co 

H 

«-( 

O 

•z, 

CO 

cr; 

5 

w 

Q 

^ 

p 

Q 

„ 

> 

r/i 

i— i 

W 

Ul 

( 1 

H 

w 

s 

cd 

p 

o 

Ixl 

w 

3 

w 

o 

o 

s 

w 

Q 
W 

as 
o 
w 


*«  2 
o   S 


o 


ft 


3   m   o   o 

M     rf     U    «-J 


£> 


rag 


(1) 

S    co   o 
.3  J*    3 

3 


co  cm  o  CO 


r)<    TJ<    in   © 


c-  oj  co  m  co  co  i-i 

c-  oo  cm  t-  co  o  c- 

co  oo  th  co  in  th  co 

T-t  in  m  c75  c-  oo  re 

co  co  m  os  cm  in  co 

O  in  O  Tt<  co  th  i-H 


co  cm  os  co 
to- 


CO   o 

CO 

00 

<tf 

CO 

co 

o 

CJ 

3 

os  in 

OS 

in 

CM 

OS 

tH 

CO 

CO    CQ 

E- 

^r 

IH 

CD 

CO 

co' 

I 

■>*   in 

in 

CO 

I— 1 

O 

ir- 

CO 

•*    CO 

T-H 

m 

CO 

O 

es 

co 

CO    OS 

co 

o 

00 

** 

i-t 

•»* 

iA 

CM   -^ 

c- 

H 

CO 

m 

T-t 

os 

O 

O    CD 

c- 

OS 

CO 

H 

in 

CO 

o 

CQ 

CO    CM 

os 

CO 

CO 

00 

tO- 

tH 

CO 

to 

co  in 

r-I    t> 


in  os 
cm  co 


oo  co 
co  oo 
co   CM 


to-  & 


■«*«    CM 

Oi  in" 


CM 

o 

in 

o 

OS 

o 

CO 

o 

i-i 

1-1 

CM 

CM 

CM 

OS 

O 

CO 

CO 

CD 

CD 

CO 

rH 

co 

o 

in 

OS 

to- 

to- 

3 


i  ° 

^    cct 

>    ^ 
o    <u 

CO   5     >»5 

.8  "S  2  * 
*  &D  9*3 

T3     OJD    o     c     O 

5  's  =3  §i 

a   o   3   o   ctt 
D  ft  ft  O  K 


v 

o 

en 

o 

3 

c 

u 

rt 

H 

0) 

o 

s 

S 

n 

T) 

5^ 

c 

U4 

T) 

rt 

rt 

O 

!-H 

0] 

I — j 

3 

rrl 

■o 

K 

£ 

OS 

OS 

os 

CM 

o 

os 

OS 

CM 

CD 

o 

•<* 

OS 

co 

c- 

o 

■^ 

in 

CO 

CM 

CD 

to- 

to- 

u 

u 

CJ 

c 
o 
S 

CD 

a 

U 

o 

O 

ft 

U 

o 

*-> 

Cfl 

o         j3 


1 


509 


SCHEDULE  OF  SECURITIES 

Approximate 

Principal  Market 

Amount                                                     Description                                                   Maturity  Book  Value  Value 

United  States  Government  Bonds 

$255,000  United  States  of  America,  Treasury  Notes  3ls  1964  $250,955.56  $256,753 

403,000  United  States  of  America,  Treasury  Notes  4ls 1963  402,285.28  415,971 

450,000  United  States  of  America,  Treasury  Notes  5s 1964  450,000.00  468,844 

1,105,000  United  States  of  America,  Treasury  2is 1959-62  1,105,000.00  1,098,784 

820,000  United  States  of  America,  Treasury  2{s 1961  815,208.12  821,025 

$3,033,000  Total  United  States  Government  $3,023,448.96     $3,061,377 

Foreign  and  International  Bank  Bonds 

$250,000  Aluminum  Co.  of  Canada,  Ltd.,  S.  F.  Deb.  3fs 1970  $251,784.55  $243,750 

500,000  Aluminum  Co.  of  Canada,  Ltd.,  S.  F.  Deb.  4ls 1980  509,206.66  492,500 

150,000  Australia  (Commonwealth  of)  4is  1971  147,750.00  140,063 

144,000  Australia  (Commonwealth  of)  5s 1972  144,000.00  142,200 

250,000  British  Columbia  Power  Commission,  S.F.  Deb.  Series  "L"  4|s  ..  1987  245,000.00  235,000 

125,000  Intl.  Bank  for  Reconstruction  &  Development,  3s  1976  125,000.00  106,563 

125,000  Intl.  Bank  for  Reconstruction  &  Development,  3|s  1975  123,125.00  114,063 

250,000  Intl.  Bank  for  Reconstruction  &  Development,  4|s 1977  250,000.00  248,750 

150,000  Noranda  Mines  Ltd.,  S.F. Deb.  4fs 1968  151,748.79  152,250 

200,000  Shawinigan  Water  &  Power  Co.,  1st  Mtg.  &  Collat.  Tr.  S.  F. 

Series  "M"  3s  1971  203,600.00  177,000 

500,000  Toronto  (Municipality  of  Metropolitan),  S.  F.  Deb.  5s  1979  498,637.50  513,750 

$2,644,000  Total  Foreign  and  International  Bank  $2,649,852.50     $2,565,889 

Public  Utility  Bonds 

$250,000  California  Oregon  Power  Co.,  1st  Mtg.  3fs 1986  $252,741.70  $219,375 

125,000  Columbia  Gas  System,  Inc.,  Series  "B"  3s  1975  126,885.05  104,531 

250,000  Columbia  Gas  System,  Inc.,  Series  "F"  3 js 1981  245,937.50  226,250 

237,000  Columbus  &  Southern  Ohio  Electric  Co.,  1st  Mtg.  3{s 1970  242,955.28  210,930 

300,000  Commonwealth  Edison  Co.,  1st  Mtg.  Series  "R"  3£s 1986  300,641.70  255,000 

300,000  Consolidated  Edison  Co.  of  N.Y.,  1st  &  Ref .  Mtg.  Series  "L"  3§s  .  1986  303,376.39  259,875 

300,000  Consolidated  Edison  Co.  of  N.Y.,  1st  &  Ref.  Mtg.  Series  "N"  5s...  1987  302,049.60  314,250 

300,000  Consolidated  Natural  Gas  Co.,  Deb.  2|s  1968  300,277.48  280,313 

150,000  Consumers  Power  Co.,  1st  Mtg.  4s  1986  151,249.98  136,875 

246,000  Consumers  Power  Co.,  1st  Mtg.  4fs  1987  247,375.78  251,535 

300,000  Florida  Power  Corporation,  1st  Mtg.  3is  1986  301,880.59  268,500 

500,000  Illinois  Power  Co.,  1st  Mtg.  3|s  1986  497,937.50  442,500 

200,000  Minnesota  Power  &  Light  Co.,  1st  Mtg.  3£s  1975  202,297.01  167,000 

250,000  Niagara  Mohawk  Power  Corp.,  Gen.  Mtg.  3|s  1986  252,827.50  216,250 

400,000  Niagara  Mohawk  Power  Corp.,  Gen.  Mtg.  4ls  1987  403,058.27  408,000 

100,000  Ohio  Power  Co.,  1st  Mtg.  3is  1968  101,500.00  92,625 

200,000  Pacific  Gas  &  Electric  Co.,  1st  &  Ref.  Mtg.  Series  "X"  3|s 1984  201,341.62  163,000 

300,000  Pacific  Gas  &  Electric  Co.,  1st  &  Ref.  Mtg.  Series  "Y"  3|s 1987  305,812.75  249,375 

250,000  Pacific  Gas  &  Electric  Co.,  1st  &  Ref.  Mtg.  Series  "BB"  5s 1989  251,729.58  260,625 

100,000  Panhandle  Eastern  Pipe  Line  Co.,  Serial  Deb.  2|s  1962  100,084.89  99,150 

87,000  Panhandle  Eastern  Pipe  Line  Co.,  S.  F.  Deb.  3is 1973  87,742.42  78,518 

207,000  Philadelphia  Electric  Power  Co.,  1st  Mtg.  2§s  Guar 1975  209,415.52  182,160 

50,000  Philadelphia  Electric  Co.,  1st  &  Ref.  Mtg.  2js 1978  49,687.50  40,375 

500,000  Philadelphia  Electric  Co.,  1st  &  Ref.  Mtg.  4|s  1987  500,000.00  496,250 

250,000  Potomac  Electric  Power  Co.,  Deb.  4§s  1982  255,458.48  244,375 

200,000  Public  Service  Co.  of  Indiana,  1st  Mtg.  Series  "F"  3|s 1975  202,384.67  171,500 

400,000  Public  Service  Co.  of  Indiana,  1st  Mtg.  Series  "L"  4|s 1987  400,000.00  404,000 

500,000  Public  Service  Electric  &  Gas  Co.,  1st  &  Ref.  Mtg.  4js  1987  504,152.17  505,000 

250,000  Southern  California  Edison  Co.,  1st  &  Ref.  Mtg.  Series  "G"  3§s  ..  1981  247,765.00  221,875 

250,000  Southern  California  Edison  Co.,  1st  &  Ref.  Mtg.  Series  "H"  4is  ..  1982  251,562.52  236,875 

200,000  Southern  California  Edison  Co.,  1st  &  Ref.  Mtg.  Series  "J"  4js  ...  1982  201,853.53  202,500 

191,000  Tennessee  Gas  Transmission  Co.,  1st  Mtg.  Pipe  Line  3s 1969  193,165.54  171,423 

277,000  Tennessee  Gas  Transmission  Co.,  1st  Mtg.  Pipe  Line  5is 1977  277,000.00  283,925 
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SCHEDULE  OF  SECURITIES— Continued 

Approximate 

Principal  Market 

Amount                                                     Description                                                   Maturity  Book  Value  Value 

Public  Utility  Bonds—  Concluded 

$500,000     Union  Electric  Co.,  1st  Mtg.  3fs 1986  $500,093.95  $442,500 

265,000     United  Gas  Corp.,  1st  Mtg.  &  Coll.  Tr.  2fs 1967  265,000.00           236,513 

235,000     Virginia  Electric  &  Power  Co.,  1st  &  Ref.  Mtg.  Series  "M"  4|s  ...          1986  238,916.46           217,375 

300,000     Washington  Water  Power  Co.,  1st  Mtg.  4ls  1987  300,000.00           294,000 


$9,720,000  Total  Public  Utility $9,776,157.93      $9,055,123 


Communication  Bonds 

5150,000     American  Telephone  &  Telegraph  Company,  Deb.  2fs 1975  $151,068.75  $123,000 

350,000     American  Telephone  &  Telegraph  Company,  3?s  1984  359,475.88  289,625 

800,000     American  Telephone  &  Telegraph  Company,  Deb.  3js 1990  818,586.12  722,000 

500,000     American  Telephone  &  Telegraph  Company,  Deb.  4fs 1985  505,058.16  488,750 

400,000     Illinois  Bell  Telephone  Co.,  1st  Mtg.  Series  "E"  4is 1988  404,684.48  379,000 

200,000     Mountain  States  Telephone  &  Telegraph  Co.,  Deb.  3|s 1978  200,840.00  165,500 

100,000     New  York  Telephone  Co.,  Ref.  Mtg.  Series  "E"  3£s 1978  100,788.91  86,000 

200,000     Pacific  Telephone  &  Telegraph  Co.,  Deb.  3?s 1978  202,648.78  170,875 

300,000     Pacific  Telephone  &  Telegraph  Co.,  Deb.  4|s  1988  306,276.18  290,250 

250,000     Southern  Bell  Telephone  &  Telegraph  Co.,  Deb.  4s  1983  251,107.66  231,250 

300,000     Southern  Bell  Telephone  &  Telegraph  Co.,  Deb.  5s  1986  305,799.66  307,500 

300,000     Southwestern  Bell  Telephone  Co.,  Deb.  3is  1983  304,250.00  245,625 


$3,850,000  Total  Com munication  $3,910,584.58     $3,499,375 


Railroad  Bonds 

$100,000     Chesapeake  &  Ohio  Railway  Co.,  Gen.  Mtg.  4£s  1992  $99,464.29  $93,938 

267,000     Fort  Worth  &  Denver  Railway  Company,  1st  Mtg.  4|s  Guar 1982  268,846.95  233,625 


$367,000  Total  Railroad  $368,311.24        $327,563 


Railroad  Equipment  Trust  Bonds 

$100,000     Chicago,  Burlington  &  Quincy  Railroad  Co.,  Eq.  Tr.  2£s  Guar 1962-63  $96,083.40  $98,460 

60,000     Pennsylvania  Railroad  Company,  Eq.  Tr.  Series  "S"  2|s  Guar.  ...    1961-62  57,923.56  59,643 


$160,000  Total  Railroad  Equipment  Trust $154,006.96         $158,103 


Industrial  and  Miscellaneous  Bonds 

$250,000     Aluminum  Co.  of  America,  S.  F.  Deb.  4{s 1982  $250,000.00  $241,250 

234,000     Bristol-Myers  Co.,  Deb.  3s 1968  234,372.78  213,525 

550,000     C.  I.  T.  Financial  Corp.,  Deb.  4fs 1970  536,937.50  565,125 

400,000     Commercial  Credit  Co.,  Notes  3fs  1976  407,178.80  355,000 

400,000     Continental  Oil  Company  (Del.),  S.  F.  Deb.  3s 1984  403,879.40  328,000 

105,000     Corn  Products  Co.,  Sub.  Deb.  4 |s 1983  109,779.43  106,313 

500,000     Crown  Zellerbach  Corp.,  Prom.  Note  4|s 1981  500,000.00  472,500 

150,000     Dow  Chemical  Company,  Deb.  2.35s 1961  150,000.00  150,000 

400,000     Federal  Farm  Loan  Consolidated,  4s  1962  405,312.50  403.250 

400,000     Federal  Farm  Loan  Consolidated,  4|s 1969  394,000.00  400,500 

200,000     Federal  Farm  Loan  Consolidated,  4|s 1964  202,571.43  203,500 

285,000     Federal  Farm  Loan  Consolidated,  4£s 1970  284,330.96  288,919 

1,025,000     Federal  National  Mortgage  Association,  4|s 1970  1,015,070.31  1,010,906 

465,000     Federal  National  Mortgage  Association,  4js 1971  466,109.66  457,444 

400,000     Federal  National  Mortgage  Association,  4|s 1970  394,500.00  405,500 

500,000     Federal  National  Mortgage  Association,  5£s 1972  498,125.00  526,250 

500,000     Food  Machinery  &  Chemical  Corp.,  S.  F.  Deb.  3.80s 1981  500,000.00  461,250 

153,000     Food  Machinery  Corp.,  S.  F.  Deb.  2|s 1962  152,308.98  151,470 

382,000     Four  Corners  Pipe  Line  Company,  Sec.  Note  5s 1982  382,000.00  391,550 

500,000     General  Electric  Credit  Corp.  (N.  Y.)  Prom.  Note  5s  1975  500,000.00  502,500 
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SCHEDULE  OF  SECURITIES— Continued 


Principal 
Amount 


$200,000 
480,000 
200,000 
200,000 
150,000 
275,000 
680,164.58 
566,534.93 
284,361.45 
347,154.68 
400,000 
300,000 
236,000 
200,000 
195,000 
488,000 
150,000 
100,000 
250,000 
300,000 
525,000 
300,000 
300,000 
215,000 
300,000 
250,000 
970,635.01 
465,000 
346,000 
400,000 
250,000 
500,000 

$18,622,850.65 

$38,396,850.65 


Approximate 
Market 

Description  Maturity  Book  Value  Value 

Industrial  and  Miscellaneous  Bonds— Concluded 

General  Motors  Acceptance  Corp.,  Deb.  3|s  1972  $202,863.70  $178,500 

General  Motors  Acceptance  Corp.,  Deb.  4s  1979  435,037.50  442,800 

General  Motors  Acceptance  Corp.,  Deb.  5s  1977  195,000.00  206,000 

General  Motors  Acceptance  Corp.,  Deb.  5s  1981  199,000.00  205,000 

General  Portland  Cement  Co.,  Conv.  Sub.  Deb.  5s  1977  153,625.07  172,875 

Goodrich  (B.  F.)  Company,  1st  Mtg.  2|s 1965  275,217.21  261,938 

Instlcorp,  Inc.,  Collat.  Tr.  Note  Series  A- 16  1991  657,444.76  676,763 

Instlcorp,  Inc.,  Collat.  Tr.  Note  Series  A- 19  1991  547,789.23  558,036 

Instlcorp,  Inc.,  Collat.  Tr.  Note  Series  A-21  1991  274,408.80  281,517 

Instlcorp,  Inc.,  Collat.  Tr.  Note  Series  A- 23  1991  341,860.28  342,815 

Intl.  Harvester  Credit  Corp.,  Deb.  4|s  1979  398,000.00  396,000 

Kaiser  Aluminum  &  Chemical  Corp.,  1st  Mtg.  5is  1987  300,000.00  312,750 

Lorillard  (P.)  Company,  Deb.  3s  1963  236,295.82  230,690 

Montgomery  Ward  Credit  Corp.,  Deb.  4ls  1980  199,000.00  199,000 

National  Dairy  Products  Corp.,  Deb.  2|s  1970  196,183.12  173,550 

Phillips  Petroleum  Company,  S.  F.  Deb.  2fs  1964  488,977.89  475,800 

Quaker  Oats  Co.,  Deb.  2|s  1964  148,922.50  144,750 

Riegel  Paper  Corp.,  S.  F.  Deb.  3is  1981  100,000.00  92,000 

Scovill  Mfg.  Co.,  Deb.  4|s  1982  246,250.00  245,469 

Seagram  (Joseph  E.)  &  Sons,  Incorporated,  Deb.  2^s 1966  298,500.00  279,750 

Sears  Roebuck  Acceptance  Corp.,  Sub.  Deb.  4§s 1977  511,505.00  523,031 

Sinclair  Oil  Corporation,  Conv.  Sub.  Deb.  4fs 1986  315,418.24  305,250 

Superior  Oil  Company,  The  (California),  Deb.  3|s  1981  300,000.00  272,250 

Talcott  (James),  Inc.,  Senior  Note  5|s  1966-80  212,850.00  221,450 

Texas  Corporation,  Deb.  3s 1965  303,107.62  292,500 

Tidewater  Oil  Company,  S.  F.  Deb.  3^s 1986  250,000.00  202,500 

Trailer  Train  Company,  4is 1976  970,635.01  965,782 

Tremarco  Corporation,  1st  Mtg.  Series  "E"  5s  1983  465,000.00  469,650 

Union  Oil  Co.  of  California,  Deb.  2|s  1970  350,656.99  307,940 

Westinghouse  Electric  Corp.,  Deb.  2|s 1971  401,950.64  347,000 

Whirlpool  Corporation,  S.  F.  Deb.  3|s 1980  250,000.00  212,813 

Woolworth  (F.  W.)  Co.,  Prom.  Note  5s 1982  500,000.00  503,750 

Total  Industrial  and  Miscellaneous  $18,511,976.13    $18,134,671 

Bonds  -  Funds  Invested $38,394,338.30    $36,802,101 


Number 

of 
Shares 

1,500 
1,500 
3,800 
1,900 
800 
2,000 
1,300 
3,100 

15,900 


2,500 
28,100 
14,350 
19,373 

6,200 


Preferred  Stocks 

Appalachian  Power  Co.,  4|%  Cum.  Pref $159,000.00 

Bethlehem  Steel  Corporation,  7%  Cum.  Pref 183,637.50 

Carrier  Corporation,  4j%  Cum.  Pref 197,931.28 

Consolidated  Edison  Co.  of  N.  Y.,  $5.00  Cum.  Pref 202,815.50 

National  Distillers  and  Chemical  Corp.,  4i%  Cum.  Conv.  Pref 80,000.00 

Niagara  Mohawk  Power  Corp.,  3.60%  Cum.  Pref 207,990.00 

Ohio  Power  Co.,  Aj%  Cum.  Pref 144,630.02 

United  States  Steel  Corporation,  7%  Cum.  Pref 443,407.57 

Total  Preferred  Stocks  $1,619,411.87 

Common  Stocks 

Aetna  Casualty  &  Surety  Co $192,782.20 

Aluminium  Ltd 791,574.11 

American  Electric  Power  Co.,  Inc 186,637.38 

American  Telephone  &  Telegraph  Company 963,574.35 

Armco  Steel  Corporation  240,383.71 


$137,625 
214,125 
174,325 
197,363 
67,900 
145,000 
120,900 
446,400 

$1,503,638 


$333,750 
962,425 
966,831 

2,264,219 
468,100 
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SCHEDULE  OF  SECURITIES— Continued 


Number 

of 

Shares 

14 

,100 

10 

,000 

240 

6 

,000 

12 

,000 

6 

,000 

,  2 

,872 

4 

,800 

9 

,800 

4 

,200 

18 

,000 

2 

,500 

9 

100 

1 

,500 

11 

294 

2 

900 

10 

200 

7 

115 

12 

000 

14 

700 

8 

000 

31 

100 

8 

000 

14 

300 

2 

700 

5 

500 

20 

287 

4 

600 

18 

242 

14 

350 

4 

340 

4 

700 

5 

000 

5 

000 

11 

502 

13 

800 

6 

500 

8 

500 

6 

800 

500 

4 

600 

6 

500 

5 

000 

5 

000 

5 

600 

2 

100 

8 

100 

6 

600 

7 

500 

8 

000 

13 

500 

4 

800 

578 

650.5 

9 

900 

5 

500 

14 

100 

16 

830 

1 

700 

4 

000 

Description 

Common  Stocks — Continued 

Armstrong  Cork  Company 

Atchison,  Topeka  &  Santa  Fe  Railway  Co 

California  Corporation  For  Biochemical  Research  

Campbell  Soup  Company  

Caterpillar  Tractor  Co 

Central  &  South  West  Corp 

Chase  Manhattan  Bank,  N.  Y 

Christiana  Securities  Co 

Coca  Cola  Company  (The) 

Consumers  Power  Co 

Continental  Oil  Company,  (Del.)  

Corning  Glass  Works 

Dow  Chemical  Company 

E.  I.  du  Pont  de  Nemours  &  Co 

Eastman  Kodak  Company  

Falconbridge  Nickel  Mines,  Ltd 

Farbenfabriken  Bayer  AG- ADR  Par  50  Deutschemark 

First  National  City  Bank  of  N.  Y 

Florida  Power  &  Light  Co 

Ford  Motor  Company  

General  American  Transportation  Corp 

General  Electric  Company  

General  Foods  Corporation 

General  Motors  Corporation 

General  Reinsurance  Corp 

Gillette  Company 

Goodyear  Tire  &  Rubber  Company 

Great  American  Insurance  Co 

Gulf  Oil  Corporation 

Gulf  States  Utilities  Co 

Home  Insurance  Co.  of  N.  Y 

Household  Finance  Corp 

Illinois  Power  Co 

Insurance  Co.  of  North  America 

International  Business  Machines  Corp 

International  Nickel  Co.  of  Canada,  Ltd 

Island  Creek  Coal  Co 

Kellogg  Company 

Kennecott  Copper  Corporation 

Litton  Industries,  Inc 

Marquette  Cement  Manufacturing  Co 

Mead  Corporation 

Merck  &  Co 

Minneapolis-Honeywell  Regulator  Co 

National  Cash  Register  Co 

Norfolk  &  Western  Railway  Company  

Northwest  Bancorporation 

Ohio  Edison  Co 

Otis  Elevator  Company 

Panhandle  Eastern  Pipe  Line  Co 

Parke,  Davis  &  Co 

Philip  Morris  Incorporated  

Philips'  Incandescent  Lamp  Works,  Ltd.  (N.  V.  Philips'  Gloeilampen- 

fabrieken),  Par  1  Florin  

Pittsburgh  Plate  Glass  Co 

Republic  Natural  Gas  Co 

Revere  Copper  &  Brass,  Inc 

Royal  Dutch  Petroleum  Co 

Schering  Corporation  

Scott  Paper  Company  


Approximate 

Market 

Book  Value 

Value 

$231,516.80 

$835,425 

166,256.21 

263,750 

1,501.52 

3,060 

362,612.33 

621,000 

96,913.60 

459,000 

110,250.00 

255,000 

81,118.78 

226,350 

356,143.00 

890,400 

628,984.09 

852,600 

145,974.04 

289,275 

176,753.10 

936,000 

59,631.83 

434,375 

405,616.50 

708,663 

61,220.33 

322,125 

134,396.92 

1,191,517 

161,962.50 

188,355 

611,078.54 

957,525 

348,109.89 

654,135 

148,863.69 

876,000 

849,086.16 

1,196,213 

331,747.32 

700,000 

647,197.55 

1,974,850 

83,651.42 

656,000 

297,856.10 

632,775 

220,697.46 

360,450 

401,418.90 

638,000 

433,624.45 

834,303 

216,685.18 

269,100 

95,263.79 

674,954 

151,118.90 

556,063 

273,523.65 

247,923 

167,773.32 

209,150 

97,697.35 

347,500 

53,238.31 

465,000 

180,137.38 

5,469,201 

379,279.52 

1,081,575 

284,937.90 

179,563 

332,482.68 

531,250 

446,112.26 

569,500 

50,720.49 

64,125 

190,140.68 

264,500 

307,081.68 

264,875 

93,798.41 

424,375 

75,249.24 

735,000 

510,904.80 

529,200 

217,512.31 

213,150 

187,854.24 

352,350 

105,150.00 

254,100 

375,247.20 

555,000 

431,553.54 

323,000 

354,082.01 

474,188 

473,793.52 

448,800 

695,804.04 

1,604,307 

713,845.30 

650,925 

184,460.15 

259,188 

665,214.01 

675,038 

637,597.06 

538,560 

118,931.15 

87,975 

53,041.98 

435,000 
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SCHEDULE  OF  SECURITIES— Concluded 


Number 

of 
Shares 


20,000 

17,000 

8,160 

14,852 

7,000 

5,600 

6,000 

520,000 

2,300 

1,500 

8,200 

14,500 

12,000 

6,000 

6,800 

1,781,457.5 


Approximate 
Market 

Description  Book  Value  Value 

Common  Stocks—  Concluded 

Shell  Oil  Company $334,642.89  $802,500 

Standard  Oil  Co.  (New  Jersey)  174,178.31  748,000 

Stauffer  Chemical  Co 380,882.47  455,940 

Texaco,  Inc 297,924.93  1,477,774 

Texas  Gulf  Sulphur  Co 180,634.55  175,000 

Texas  Utilities  Co 154,501.13  532,000 

Travelers  Insurance  Co 452,662.70  746,250 

Unilever  N.  V.,  Par  1  Florin  940,370.64  1,144,000 

Union  Carbide  Corporation 321,091.93  315,100 

Union  Pacific  Railroad  Company  34,959.98  49,875 

U.  S.  Plywood  Corp 381,737.07  385,400 

United  States  Steel  Corporation 331,434.90  1,172,688 

Virginia  Electric  &  Power  Co 130,447.67  697,500 

West  Virginia  Pulp  &  Paper  Co 212,525.96  204,000 

Weyerhaeuser  Timber  Co 87,917.16  247,350 

Total  Common  Stocks $23,465,279.12  $51,860,283 

Common  and  Preferred  Stocks  -  Funds  Invested $25,084,690.99  $53,363,921 

Aggregate  Investments  (Bonds  and  Stocks) $63,479,029.29  $90,166,022 


SUMMARY   OF   SECURITY   TRANSACTIONS   JULY  1,  1960   TO  JUNE  30,  1961 
Cash  awaiting  investment  -  July  1,  1960 


$683,340.98 


Sales  and  Redemptions 

Gain 

Bonds  

Preferred  Stocks 

Common  Stocks $2,784,931.87 

Sale  of  Stock  Rights  1,819.13 


Loss 


Book  Value 


$95,570.10        $7,988,317.79 

75,752.28  592,666.91 

2,072,564.25 


$2,786,751.00 


Net  Gain  -  Statement  B 


$171,322.38      $10,653,548.95 
2,615,428.62  2,615,428.62 


$2,786,751.00        $2,786,751.00 


Total  Sales  and  Redemptions  

Income  applied  to  amortization  of  bond  premium 
Gifts  and  bequests  ..» 


Cash  transferred  from  investment 


$13,268,977.57 

25,705.08 

1,500.00 

$13,979,523.63 
793,158.90 


Total  $13,186,364.73 


Acquisitions 

Bonds $7,055,803.71 

Common  Stocks 5,812,439.55 


Total  Acquisitions  

Cash  awaiting  investment  -  June  30,  1961 


12,868,243.26 
$318,121.47 
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ABSTRACT  OF  MINUTES  OF  THE  SIXTY-THIRD  MEETING  OF  THE 

BOARD  OF  TRUSTEES 

The  annual  meeting  of  the  Board  of  Trustees  was  held  in  Washington,  D.  C,  on  Fri- 
day, May  12,  1961.  Mr.  Gifford,  Chairman  of  the  Board,  presided. 

The  following  Trustees  were  in  attendance:  Robert  Woods  Bliss,  Amory  H.  Bradford, 
Omar  N.  Bradley,  Vannevar  Bush,  Walter  S.  Gifford,  Caryl  P.  Haskins,  Barklie  McKee 
Henry,  Alfred  L.  Loomis,  Robert  A.  Lovett,  Keith  S.  McHugh,  Henry  S.  Morgan,  Wil- 
liam I.  Myers,  Garrison  Norton,  Richard  S.  Perkins,  Elihu  Root,  Jr.,  Charles  P.  Taft, 
James  N.  White,  and  Robert  E.  Wilson. 

The  minutes  of  the  Sixty-second  Meeting  were  approved. 

The  Chairman  notified  the  Trustees  of  the  death  of  James  F.  Bell.  Mr.  Root  spoke  of  the 
Trustees'  high  esteem  for  Mr.  Bell  and  of  his  contributions  to  the  Institution.  The  Trustees 
unanimously  adopted  the  following  resolutions: 

Be  It  Resolved,  That  the  Trustees  of  the  Carnegie  Institution  of  Washington  hereby  record 
their  deep  appreciation  for  the  many  contributions  made  by  James  F.  Bell  to  the  Institution;  and 

Be  It  Further  Resolved,  That  these  resolutions  be  entered  on  the  Minutes  of  the  Institution 
and  a  copy  be  sent  to  Mr.  Bell's  family. 

The  annual  report  of  the  President  was  accepted. 

The  reports  of  the  Executive  Committee,  the  Finance  Committee,  the  Retirement  Com- 
mittee, the  Auditor,  and  the  Auditing  Committee  were  accepted. 

To  provide  for  operation  of  the  Institution  for  the  fiscal  year  beginning  July  1,  1961,  and 
upon  recommendation  of  the  Executive  Committee,  the  sum  of  $2,848,480  was  appropriated 
from  the  General  Reserve  Fund. 

The  following  officers  of  the  Board  were  elected  for  a  period  of  three  years:  Barklie 
McKee  Henry,  Chairman;  Henry  S.  Morgan,  Vice-Chairman;  and  Robert  Woods  Bliss, 
Secretary. 

Vacancies  in  standing  committees  were  filled  as  follows:  Walter  S.  Gifford,  heretofore 
ex  officio  member,  was  elected  a  member  of  the  Executive  Committee  for  a  three-year  term, 
and  Garrison  Norton  and  Henry  R.  Shepley  were  re-elected  as  members  of  the  Executive 
Committee  for  three-year  terms.  The  following  were  re-elected  for  three-year  terms:  Walter 
S.  Gifford,  Alfred  L.  Loomis,  and  Henry  S.  Morgan  as  members  of  the  Finance  Commit- 
tee; Alfred  L.  Loomis,  Keith  S.  McHugh,  and  Juan  T.  Trippe  as  members  of  the  Auditing 
Committee.  Garrison  Norton  was  elected  as  a  member  of  the  Retirement  Committee  for 
a  three-year  term.  The  following  were  elected  as  members  of  the  Nominating  Committee: 
Amory  H.  Bradford  for  a  three-year  term  and  Walter  S.  Gifford  for  a  one-year  term.  The 
following  were  elected  or  re-elected  for  one-year  terms:  Henry  S.  Morgan  as  Chairman  of 
the  Executive  Committee;  James  N.  White  as  Chairman  of  the  Finance  Committee;  Keith 
S.  McHugh  as  Chairman  of  the  Auditing  Committee;  Omar  N.  Bradley  as  Chairman 
of  the  Retirement  Committee;  and  Henry  S.  Morgan  as  Chairman  of  the  Nominating 
Committee. 

The  Board  gave  a  unanimous  and  enthusiastic  vote  of  thanks  to  Mr.  Gifford  for  his 
faithful  and  valuable  services  as  Chairman  of  the  Board  this  year  and  in  past  years. 
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ARTICLES     OF     INCORPORATION 

Public  No.  260.  An  Act  to  incorporate  the  Carnegie  Institution  of  Washington 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America 
in  Congress  assembled,  That  the  persons  following,  being  persons  who  are  now  trustees 
of  the  Carnegie  Institution,  namely,  Alexander  Agassiz,  John  S.  Billings,  John  L.  Cad- 
walader,  Cleveland  H.  Dodge,  William  N.  Frew,  Lyman  J.  Gage,  Daniel  C.  Gilman, 
John  Hay,  Henry  L.  Higginson,  William  Wirt  Howe,  Charles  L.  Hutchinson,  Samuel  P. 
Langley,  William  Lindsay,  Seth  Low,  Wayne  MacVeagh,  Darius  O.  Mills,  S.  Weir 
Mitchell,  William  W.  Morrow,  Ethan  A.  Hitchcock,  Elihu  Root,  John  C.  Spooner,  Andrew 
D.  White,  Charles  D.  Walcott,  Carroll  D.  Wright,  their  associates  and  successors,  duly 
chosen,  are  hereby  incorporated  and  declared  to  be  a  body  corporate  by  the  name  of  the 
Carnegie  Institution  of  Washington  and  by  that  name  shall  be  known  and  have  perpetual 
succession,  with  the  powers,  limitations,  and  restrictions  herein  contained. 

Sec.  2.  That  the  objects  of  the  corporation  shall  be  to  encourage,  in  the  broadest  and 
most  liberal  manner,  investigation,  research,  and  discovery,  and  the  application  of  knowl- 
edge to  the  improvement  of  mankind;  and  in  particular — 

(a)  To  conduct,  endow,  and  assist  investigation  in  any  department  of  science,  literature, 
or  art,  and  to  this  end  to  cooperate  with  governments,  universities,  colleges,  technical 
schools,  learned  societies,  and  individuals. 

(b)  To  appoint  committees  of  experts  to  direct  special  lines  of  research. 

(c)  To  publish  and  distribute  documents. 

(d)  To  conduct  lectures,  hold  meetings,  and  acquire  and  maintain  a  library. 

(e)  To  purchase  such  property,  real  or  personal,  and  construct  such  building  or  build- 
ings as  may  be  necessary  to  carry  on  the  work  of  the  corporation. 

(/)  In  general,  to  do  and  perform  all  things  necessary  to  promote  the  objects  of  the 
institution,  with  full  power,  however,  to  the  trustees  hereinafter  appointed  and  their  suc- 
cessors from  time  to  time  to  modify  the  conditions  and  regulations  under  which  the  work 
shall  be  carried  on,  so  as  to  secure  the  application  of  the  funds  in  the  manner  best  adapted 
to  the  conditions  of  the  time,  provided  that  the  objects  of  the  corporation  shall  at  all  times 
be  among  the  foregoing  or  kindred  thereto. 

Sec.  3.  That  the  direction  and  management  of  the  affairs  of  the  corporation  and  the 
control  and  disposal  of  its  property  and  funds  shall  be  vested  in  a  board  of  trustees,  twenty- 
two  in  number,  to  be  composed  of  the  following  individuals:  Alexander  Agassiz,  John  S. 
Billings,  John  L.  Cadwalader,  Cleveland  H.  Dodge,  William  N.  Frew,  Lyman  J.  Gage, 
Daniel  C.  Gilman,  John  Hay,  Henry  L.  Higginson,  William  Wirt  Howe,  Charles  L. 
Hutchinson,  Samuel  P.  Langley,  William  Lindsay,  Seth  Low,  Wayne  MacVeagh,  Darius  O. 
Mills,  S.  Weir  Mitchell,  William  W.  Morrow,  Ethan  A.  Hitchcoc\,  Elihu  Root,  John  C. 
Spooner,  Andrew  D.  White,  Charles  D.  Walcott,  Carroll  D.  Wright,  who  shall  constitute 
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the  first  board  of  trustees.  The  board  of  trustees  shall  have  power  from  time  to  time  to 
increase  its  membership  to  not  more  than  twenty-seven  members.  Vacancies  occasioned 
by  death,  resignation,  or  otherwise  shall  be  filled  by  the  remaining  trustees  in  such  manner 
as  the  by-laws  shall  prescribe;  and  the  persons  so  elected  shall  thereupon  become  trustees 
and  also  members  of  the  said  corporation.  The  principal  place  of  business  of  the  said 
corporation  shall  be  the  city  of  Washington,  in  the  District  of  Columbia. 

Sec.  4.  That  such  board  of  trustees  shall  be  entitled  to  take,  hold,  and  administer  the 
securities,  funds,  and  property  so  transferred  by  said  Andrew  Carnegie  to  the  trustees  of 
the  Carnegie  Institution  and  such  other  funds  or  property  as  may  at  any  time  be  given, 
devised,  or  bequeathed  to  them,  or  to  such  corporation,  for  the  purposes  of  the  trust;  and 
with  full  power  from  time  to  time  to  adopt  a  common  seal,  to  appoint  such  officers,  mem- 
bers of  the  board  of  trustees  or  otherwise,  and  such  employees  as  may  be  deemed  necessary 
in  carrying  on  the  business  of  the  corporation,  at  such  salaries  or  with  such  remuneration 
as  they  may  deem  proper;  and  with  full  power  to  adopt  by-laws  from  time  to  time  and 
such  rules  or  regulations  as  may  be  necessary  to  secure  the  safe  and  convenient  transaction 
of  the  business  of  the  corporation;  and  with  full  power  and  discretion  to  deal  with  and 
expend  the  income  of  the  corporation  in  such  manner  as  in  their  judgment  will  best  pro- 
mote the  objects  herein  set  forth  and  in  general  to  have  and  use  all  powers  and  authority 
necessary  to  promote  such  objects  and  carry  out  the  purposes  of  the  donor.  The  said 
trustees  shall  have  further  power  from  time  to  time  to  hold  as  investments  the  securities 
hereinabove  referred  to  so  transferred  by  Andrew  Carnegie,  and  any  property  which  has 
been  or  may  be  transferred  to  them  or  such  corporation  by  Andrew  Carnegie  or  by  any 
other  person,  persons,  or  corporation,  and  to  invest  any  sums  or  amounts  from  time  to 
time  in  such  securities  and  such  form  and  manner  as  are  permitted  to  trustees  or  to 
charitable  or  literary  corporations  for  investment,  according  to  the  laws  of  the  States  of 
New  York,  Pennsylvania,  or  Massachusetts,  or  in  such  securities  as  are  authorized  for 
investment  by  the  said  deed  of  trust  so  executed  by  Andrew  Carnegie,  or  by  any  deed  of 
gift  or  last  will  and  testament  to  be  hereafter  made  or  executed. 

Sec.  5.  That  the  said  corporation  may  take  and  hold  any  additional  donations,  grants, 
devises,  or  bequests  which  may  be  made  in  further  support  of  the  purposes  of  the  said 
corporation,  and  may  include  in  the  expenses  thereof  the  personal  expenses  which  the 
trustees  may  incur  in  attending  meetings  or  otherwise  in  carrying  out  the  business  of  the 
trust,  but  the  services  of  the  trustees  as  such  shall  be  gratuitous. 

Sec.  6.  That  as  soon  as  may  be  possible  after  the  passage  of  this  Act  a  meeting  of  the 
trustees  hereinbefore  named  shall  be  called  by  Daniel  C.  Gilman,  John  S.  Billings,  Charles 
D.  Walcott,  S.  Weir  Mitchell,  John  Hay,  Elihu  Root,  and  Carroll  D.  Wright,  or  any  four 
of  them,  at  the  city  of  Washington,  in  the  District  of  Columbia,  by  notice  served  in  person 
or  by  mail  addressed  to  each  trustee  at  his  place  of  residence;  and  the  said  trustees,  or  a 
majority  thereof,  being  assembled,  shall  organize  and  proceed  to  adopt  by-laws,  to  elect 
officers  and  appoint  committees,  and  generally  to  organize  the  said  corporation;  and  said 
trustees  herein  named,  on  behalf  of  the  corporation  hereby  incorporated,  shall  thereupon 
receive,  take  over,  and  enter  into  possession,  custody,  and  management  of  all  property, 
real  or  personal,  of  the  corporation  heretofore  known  as  the  Carnegie  Institution,  incor- 
porated, as  hereinbefore  set  forth  under  "An  Act  to  establish  a  Code  of  Law  for  the  District 
of  Columbia,  January  fourth,  nineteen  hundred  and  two,"  and  to  all  its  rights,  contracts, 
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claims,  and  property  of  any  kind  or  nature;  and  the  several  officers  of  such  corporation,  or 
any  other  person  having  charge  of  any  of  the  securities,  funds,  real  or  personal,  books,  or 
property  thereof,  shall,  on  demand,  deliver  the  same  to  the  said  trustees  appointed  by  this 
Act  or  to  the  persons  appointed  by  them  to  receive  the  same;  and  the  trustees  of  the  existing 
corporation  and  the  trustees  herein  named  shall  and  may  take  such  other  steps  as  shall  be 
necessary  to  carry  out  the  purposes  of  this  Act. 

Sec.  7.  That  the  rights  of  the  creditors  of  the  said  existing  corporation  known  as  the 
Carnegie  Institution  shall  not  in  any  manner  be  impaired  by  the  passage  of  this  Act,  or 
the  transfer  of  the  property  hereinbefore  mentioned,  nor  shall  any  liability  or  obligation 
for  the  payment  of  any  sums  due  or  to  become  due,  or  any  claim  or  demand,  in  any 
manner  or  for  any  cause  existing  against  the  said  existing  corporation,  be  released  or  im- 
paired; but  such  corporation  hereby  incorporated  is  declared  to  succeed  to  the  obligations 
and  liabilities  and  to  be  held  liable  to  pay  and  discharge  all  of  the  debts,  liabilities,  and 
contracts  of  the  said  corporation  so  existing  to  the  same  effect  as  if  such  new  corporation 
had  itself  incurred  the  obligation  or  liability  to  pay  such  debt  or  damages,  and  no  such 
action  or  proceeding  before  any  court  or  tribunal  shall  be  deemed  to  have  abated  or  been 
discontinued  by  reason  of  the  passage  of  this  Act. 

Sec.  8.  That  Congress  may  from  time  to  time  alter,  repeal,  or  modify  this  Act  of 
incorporation,  but  no  contract  or  individual  right  made  or  acquired  shall  thereby  be 
divested  or  impaired. 

Sec,  9.  That  this  Act  shall  take  effect  immediately. 


Approved,  April  28,  1904 


BY-LAWS     OF     THE     INSTITUTION 

Adopted  December  13,  1904.  Amended  December  13, 1910,  December  13,  1912,  December 

10,  1937,  December  15,  1939,  December  13,  1940,  December  18,  1942,  December 

12, 1947,  December  10, 1954,  October  24, 1957,  May  8, 1959,  and  May  13, 1960. 

ARTICLE  I 
The  Trustees 

1.  The  Board  of  Trustees  shall  consist  of  twenty-four  members  with  power  to  increase 
its  membership  to  not  more  than  twenty-seven  members.  The  Trustees  shall  hold  office 
continuously  and  not  for  a  stated  term. 

2.  In  case  any  Trustee  shall  fail  to  attend  three  successive  annual  meetings  of  the  Board 
he  shall  thereupon  cease  to  be  a  Trustee. 

3.  No  Trustee  shall  receive  any  compensation  for  his  services  as  such. 

4.  All  vacancies  in  the  Board  of  Trustees  shall  be  filled  by  the  Trustees  by  ballot  at  an 
annual  meeting,  but  no  person  shall  be  declared  elected  unless  he  receives  the  votes  of 
two-thirds  of  the  Trustees  present. 

ARTICLE  II 
Officers  of  the  Board 

1.  The  officers  of  the  Board  shall  be  a  Chairman  of  the  Board,  a  Vice-Chairman,  and  a 
Secretary,  who  shall  be  elected  by  the  Trustees,  from  the  members  of  the  Board,  by  ballot 
to  serve  for  a  term  of  three  years.  All  vacancies  shall  be  filled  by  the  Board  for  the  unex- 
pired term;  provided,  however,  that  the  Executive  Committee  shall  have  power  to  fill  a 
vacancy  in  the  office  of  Secretary  to  serve  until  the  next  meeting  of  the  Board  of  Trustees. 

2.  The  Chairman  shall  preside  at  all  meetings  and  shall  have  the  usual  powers  of  a 
presiding  officer. 

3.  The  Vice-Chairman,  in  the  absence  or  disability  of  the  Chairman,  shall  perform  the 
duties  of  the  Chairman. 

4.  The  Secretary  shall  issue  notices  of  meetings  of  the  Board,  record  its  transactions,  and 
conduct  that  part  of  the  correspondence  relating  to  the  Board  and  to  his  duties. 

ARTICLE  III 
Executive  Administration 

The  President 

1.  There  shall  be  a  President  who  shall  be  elected  by  ballot  by,  and  hold  office  during 
the  pleasure  of,  the  Board,  who  shall  be  the  chief  executive  officer  of  the  Institution.  The 
President,  subject  to  the  control  of  the  Board  and  the  Executive  Committee,  shall  have 

521 


522         CARNEGIE  INSTITUTION  OF  WASHINGTON 


general  charge  of  all  matters  of  administration  and  supervision  of  all  arrangements  for 
research  and  other  work  undertaken  by  the  Institution  or  with  its  funds.  He  shall  prepare 
and  submit  to  the  Board  of  Trustees  and  to  the  Executive  Committee  plans  and  suggestions 
for  the  work  of  the  Institution,  shall  conduct  its  general  correspondence  and  the  corre- 
spondence with  applicants  for  grants  and  with  the  special  advisers  of  the  Committee,  and 
shall  present  his  recommendations  in  each  case  to  the  Executive  Committee  for  decision. 
All  proposals  and  requests  for  grants  shall  be  referred  to  the  President  for  consideration 
and  report.  He  shall  have  power  to  remove,  appoint,  and,  within  the  scope  of  funds  made 
available  by  the  Trustees,  provide  for  compensation  of  subordinate  employees  and  to  fix 
the  compensation  of  such  employees  within  the  limits  of  a  maximum  rate  of  compensation 
to  be  established  from  time  to  time  by  the  Executive  Committee.  He  shall  be  ex  officio 
a  member  of  the  Executive  Committee. 

2.  He  shall  be  the  legal  custodian  of  the  seal  and  of  all  property  of  the  Institution  whose 
custody  is  not  otherwise  provided  for.  He  shall  sign  and  execute  on  behalf  of  the  cor- 
poration all  contracts  and  instruments  necessary  in  authorized  administrative  and  research 
matters  and  affix  the  corporate  seal  thereto  when  necessary,  and  may  delegate  the  per- 
formance of  such  acts  and  other  administrative  duties  in  his  absence  to  the  Executive 
Officer.  He  may  execute  all  other  contracts,  deeds,  and  instruments  on  behalf  of  the  cor- 
poration and  affix  the  seal  thereto  when  expressly  authorized  by  the  Board  of  Trustees  or 
Executive  Committee.  He  may,  within  the  limits  of  his  own  authorization,  delegate  to 
the  Executive  Officer  authority  to  act  as  custodian  of  and  affix  the  corporate  seal.  He  shall 
be  responsible  for  the  expenditure  and  disbursement  of  all  funds  of  the  Institution  in 
accordance  with  the  directions  of  the  Board  and  of  the  Executive  Committee,  and  shall 
keep  accurate  accounts  of  all  receipts  and  disbursements.  Following  approval  by  the  Execu- 
tive Committee  he  shall  transmit  to  the  Board  of  Trustees  before  its  annual  meeting  a 
written  report  of  the  operations  and  business  of  the  Institution  for  the  preceding  fiscal  year 
with  his  recommendations  for  work  and  appropriations  for  the  succeeding  fiscal  year. 

3.  He  shall  attend  all  meetings  of  the  Board  of  Trustees. 

4.  There  shall  be  an  officer  designated  Executive  Officer  who  shall  be  appointed  by  and 
hold  office  at  the  pleasure  of  the  President,  subject  to  the  approval  of  the  Executive  Com- 
mittee. His  duties  shall  be  to  assist  and  act  for  the  President  as  the  latter  may  duly 
authorize  and  direct. 

5.  The  President  shall  retire  from  office  at  the  end  of  the  fiscal  year  in  which  he 
becomes  sixty-five  years  of  age. 

ARTICLE  IV 
Meetings 

1.  The  annual  meeting  of  the  Board  of  Trustees  shall  be  held  in  the  City  of  Wash- 
ington, in  the  District  of  Columbia,  in  May  of  each  year  on  a  date  set  by  order  of 
the  Executive  Committee,  unless  the  date  and  place  of  meeting  are  otherwise  set  by  order 
of  the  Executive  Committee. 

2.  Special  meetings  of  the  Board  may  be  called  by  the  Executive  Committee  by  notice 
served  personally  upon,  or  mailed  to  the  usual  address  of,  each  Trustee  twenty  days  prior 
to  the  meeting. 

3.  Special  meetings  shall,  moreover,  be  called  in  the  same  manner  by  the  Chairman  upon 
the  written  request  of  seven  members  of  the  Board. 
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ARTICLE  V 
Committees 

1.  There  shall  be  the  following  standing  Committees,  viz.  an  Executive  Committee,  a 
Finance  Committee,  an  Auditing  Committee,  a  Nominating  Committee,  and  a  Retirement 
Committee. 

2.  All  vacancies  occurring  in  the  Executive  Committee,  the  Finance  Committee,  the 
Auditing  Committee,  the  Nominating  Committee,  and  the  Retirement  Committee  shall  be 
filled  by  the  Trustees  at  the  next  regular  meeting.  In  case  of  vacancy  in  the  Finance  Com- 
mittee, the  Auditing  Committee,  the  Nominating  Committee,  or  the  Retirement  Commit- 
tee, upon  request  of  the  remaining  members  of  such  committee,  the  Executive  Committee 
may  fill  such  vacancy  by  appointment  until  the  next  meeting  of  the  Board  of  Trustees. 

3.  The  terms  of  all  officers  and  of  all  members  of  committees,  as  provided  for  herein, 
shall  continue  until  their  successors  are  elected  or  appointed. 

Executive  Committee 

4.  The  Executive  Committee  shall  consist  of  the  Chairman,  Vice-Chairman,  and  Secre- 
tary of  the  Board  of  Trustees  and  the  President  of  the  Institution  ex  officio  and,  in  addi- 
tion, five  trustees  to  be  elected  by  the  Board  by  ballot  for  a  term  of  three  years,  who  shall 
be  eligible  for  re-election.  Any  member  elected  to  fill  a  vacancy  shall  serve  for  the  remainder 
of  his  predecessor's  term. 

5.  The  Executive  Committee  shall,  when  the  Board  is  not  in  session  and  has  not  given 
specific  directions,  have  general  control  of  the  administration  of  the  affairs  of  the  corpora- 
tion and  general  supervision  of  all  arrangements  for  administration,  research,  and  other 
matters  undertaken  or  promoted  by  the  Institution.  It  shall  also  submit  to  the  Board  of 
Trustees  a  printed  or  typewritten  report  of  each  of  its  meetings,  and  at  the  annual  meeting 
shall  submit  to  the  Board  a  report  for  publication. 

6.  The  Executive  Committee  shall  have  power  to  authorize  the  purchase,  sale,  exchange, 
or  transfer  of  real  estate. 

Finance  Committee 

7.  The  Finance  Committee  shall  consist  of  not  less  than  five  and  not  more  than  six 
members  to  be  elected  by  the  Board  of  Trustees  by  ballot  for  a  term  of  three  years,  who 
shall  be  eligible  for  re-election. 

8.  The  Finance  Committee  shall  have  custody  of  the  securities  of  the  corporation  and 
general  charge  of  its  investments  and  invested  funds,  including  its  investments  and  in- 
vested funds  as  trustee  of  any  retirement  plan  for  the  Institution's  staff  members  and 
employees,  and  shall  care  for  and  dispose  of  the  same  subject  to  the  directions  of  the 
Board  of  Trustees.  It  shall  have  power  to  authorize  the  purchase,  sale,  exchange,  or 
transfer  of  securities  and  to  delegate  this  power.  It  shall  consider  and  recommend  to  the 
Board  from  time  to  time  such  measures  as  in  its  opinion  will  promote  the  financial  inter- 
ests of  the  Institution  and  of  the  trust  fund  under  any  retirement  plan  for  the  Institution's 
staff  members  and  employees,  and  shall  make  a  report  at  each  meeting  of  the  Board. 
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Auditing  Committee 

9.  The  Auditing  Committee  shall  consist  of  three  members  to  be  elected  by  the  Board 
of  Trustees  by  ballot  for  a  term  of  three  years. 

10.  Before  each  annual  meeting  of  the  Board  of  Trustees,  the  Auditing  Committee  shall 
cause  the  accounts  of  the  Institution  for  the  preceding  fiscal  year  to  be  audited  by  public 
accountants.  The  accountants  shall  report  to  the  Committee,  and  the  Committee  shall 
present  said  report  at  the  ensuing  annual  meeting  of  the  Board  with  such  recommendations 
as  the  Committee  may  deem  appropriate. 

Nominating  Committee 

11.  The  Nominating  Committee  shall  consist  of  the  Chairman  of  the  Board  of  Trustees 
ex  officio  and,  in  addition,  three  trustees  to  be  elected  by  the  Board  by  ballot  for  a  term 
of  three  years,  who  shall  not  be  eligible  for  re-election  until  after  the  lapse  of  one  year. 
Any  member  elected  to  fill  a  vacancy  shall  serve  for  the  remainder  of  his  predecessor's 
term,  provided  that  of  the  Nominating  Committee  first  elected  after  adoption  of  this 
By-Law  one  member  shall  serve  for  one  year,  one  member  shall  serve  for  two  years,  and 
one  member  shall  serve  for  three  years,  the  Committee  to  determine  the  respective  terms 
by  lot. 

12.  Sixty  days  prior  to  an  annual  meeting  of  the  Board  the  Nominating  Committee  shall 
notify  the  Trustees  by  mail  of  the  vacancies  to  be  filled  in  membership  of  the  Board.  Each 
Trustee  may  submit  nominations  for  such  vacancies.  Nominations  so  submitted  shall  be 
considered  by  the  Nominating  Committee,  and  ten  days  prior  to  the  annual  meeting  the 
Nominating  Committee  shall  submit  to  members  of  the  Board  by  mail  a  list  of  the  persons 
so  nominated,  with  its  recommendations  for  filling  existing  vacancies  on  the  Board  and 
its  Standing  Committees.  No  other  nominations  shall  be  received  by  the  Board  at  the 
annual  meeting  except  with  the  unanimous  consent  of  the  Trustees  present. 

Retirement  Committee 

13.  The  Retirement  Committee  shall  consist  of  three  members  to  be  elected  by  the 
Board  of  Trustees  by  ballot  for  a  term  of  three  years,  who  shall  be  eligible  for  re-election, 
and  the  Chairman  of  the  Finance  Committee  ex  officio.  Any  member  elected  to  fill  a 
vacancy  shall  serve  for  the  remainder  of  his  predecessor's  term. 

14.  The  Retirement  Committee  shall,  subject  to  the  directions  of  the  Board  of  Trustees, 
be  responsible  for  the  maintenance  of  a  retirement  plan  for  staff  members  and  employees 
of  the  Institution  and  act  for  the  Institution  in  its  capacity  as  trustee  under  any  such  plan, 
except  that  any  matter  relating  to  investments  under  any  such  plan  shall  be  the  responsi- 
bility of  the  Finance  Committee  subject  to  the  directions  of  the  Board  of  Trustees.  The 
Committee  shall  submit  a  report  to  the  Board  at  the  annual  meeting  of  the  Board. 

ARTICLE  VI 
Financial  Administration 

1.  No  expenditure  shall  be  authorized  or  made  except  in  pursuance  of  a  previous  appro- 
priation by  the  Board  of  Trustees,  or  as  provided  in  Article  V,  paragraph  8,  hereof. 
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2.  The  fiscal  year  of  the  Institution  shall  commence  on  the  first  day  of  July  in  each  year. 

3.  The  Executive  Committee  shall  submit  to  the  annual  meeting  of  the  Board  a 
full  statement  of  the  finances  and  work  of  the  Institution  for  the  preceding  fiscal  year 
and  a  detailed  estimate  of  the  expenditures  of  the  succeeding  fiscal  year. 

4.  The  Board  of  Trustees,  at  the  annual  meeting  in  each  year,  shall  make  general 
appropriations  for  the  ensuing  fiscal  year;  but  nothing  contained  herein  shall  prevent 
the  Board  of  Trustees  from  making  special  appropriations  at  any  meeting. 

5.  The  Executive  Committee  shall  have  general  charge  and  control  of  all  appropriations 
made  by  the  Board.  Following  the  annual  meeting,  the  Executive  Committee  may 
allocate  these  appropriations  for  the  succeeding  fiscal  year.  The  Committee  shall 
have  full  authority  to  reallocate  available  funds,  as  needed,  and  to  transfer  balances. 

6.  The  securities  of  the  Institution  and  evidences  of  property,  and  funds  invested  and 
to  be  invested,  shall  be  deposited  in  such  safe  depository  or  in  the  custody  of  such  trust 
company  and  under  such  safeguards  as  the  Finance  Committee  shall  designate,  subject  to 
directions  of  the  Board  of  Trustees.  Income  of  the  Institution  available  for  expenditure 
shall  be  deposited  in  such  banks  or  depositories  as  may  from  time  to  time  be  designated 
by  the  Executive  Committee. 

7.  Any  trust  company  entrusted  with  the  custody  of  securities  by  the  Finance  Committee 
may,  by  resolution  of  the  Board  of  Trustees,  be  made  Fiscal  Agent  of  the  Institution,  upon 
an  agreed  compensation,  for  the  transaction  of  the  business  coming  within  the  authority 
of  the  Finance  Committee. 

ARTICLE  VII 

Amendment  of  By-Laws 

1.  These  by-laws  may  be  amended  at  any  annual  or  special  meeting  of  the  Board  of 
Trustees  by  a  two-thirds  vote  of  the  members  present,  provided  written  notice  of  the  pro- 
posed amendment  shall  have  been  served  personally  upon,  or  mailed  to  the  usual  address 
of,  each  member  of  the  Board  twenty  days  prior  to  the  meeting. 
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